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METHOD AND APPARATUS FOR CASING EXPANSION 

Cross Reference To Related Applications 
This application claims the benefit of the filing date of U.S. provisional patent 
application serial number 60/237,334, attorney docket number 25791.48, filed on 
10/2/2000. 

5 This application is related to the following co-pending ^plications: (1) U.S. patent 

application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attomey dodcet no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patmt application serial no. 09/502,350, attomey docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey 

10 docketno. 25791.9.02, filed on 11/15/1999, (5) U.S. patent ^plication serial no. 
09/523,460, attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patmt 
application serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent ^plication serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 

15 25791.17.02, filed on 6/7/2000, (9) U.S. patent plication serial no. 09/559,122, attomey 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent plication serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162,671, attomey docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey docket 

20 no. 25791 29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attomey docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attomey docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional pat&A application smal no. 

25 , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attomey dodcet no. 25791.39, filed on 

11/12/1999, (18) U.S. provisional patent explication serial no. , attomey 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

30 provisional patent application serial no. , attomey docket no. 25791 .47, 
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filed on 9/18/2000. Applicants incorporate by reference the disclosures of these 
applications. 

Background of the InvOTtion 
This invention relates generally to wellbore casing, and in particular to wellbore 
5 casing that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a numb^ of casings are installed in the 
bor^ole to prevent colkq)se of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The bordiole is drilled in intervals whereby a casing which is to be installed in a lower 

1 0 borehole interval is lowered throu^ a previously installed casing of an upper borehole 
interval. As a consequmce of this procedure the casing of the lower int^al is of smaller 
diameter tiban the casing of die i^er int^al. Urns, the casings are in a nested 
arrangement with casing diameters decreasing in downward direction. Cmient anmli are 
provided between the outer sinfaces of the casings and the borehole wall to seal the 

1 5 casings from the borehole waU. As a consequence of this nested arrangement a relatively 
laige borehole diameter is required at the upper part of the wellbore. Such a large 
borehole diameter involves increased costs due to heavy casing handling equipment, large 
drill bits aiKl increased volumes of drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement pumping, cement hardening, required 

20 equipment changes due to laige variations in hole diameters drilled in the course of the 
well, and the large volume of cuttings drilled and removed. 

The presmt invention is durected to overcoming one or more of the limitations of 
the existing procedures for forming wellbores. 

Summary of the Invention 

25 According to one aspect of the invention, an apparatus for plastically deforming 

and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second portion of 
the tubular memb^ to a second outside diam^er. 

30 According to anoflier aspect of the present invention, an apparatus for plastically 

deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coiq>led to the tubular 
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support member having a second flxiid passage fluidicly coiq)led to the first fluid passage 
and an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to the 
conical sleeve and a lower portion of the tubular member, and a shoe having a valveable 
5 passage coupled to an end of the expansion cone launcher. 

According to anotiiier aspect of the presoit invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a portion of the tubular memb^ to a first outside 
diameter, and plastically defonniag and radially expanding another portion of the tubular 

1 0 member to a second outside diameto:. 

According to ano&er aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 
deforming and radially e?q>anding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the first 

1 5 tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overl^jping relation to the first portion of the first 
tubular m^ber, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

20 tubular members after the plastic deformations and radial expansions are substantially 
equal. 

According to anotho: aspect of the present invention; an ^paratus for coupling a 
first tubular mraaber to a second tubular monber is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 

25 first outside diameter, means for plastically deforming and radially expandmg another 
portion of the first tubular m^ber to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member m overlapping relation to ttie first 
portion of ttie first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 

30 means for plastically defomtiing and radially expanding the second tubular member to a 
fourth outside diameter. The inside diamet^ of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
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According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for siq)porting a tubular 
member within the wellbore, means for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
5 defomung and radially expanding a second portion of the tubular member to a second 
outside diameter. 

According to anotiier aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes a tubular support memb^ 
including a first fluid passage, an expansion cone coupled to the tubular support member 

1 0 having a second fluid passage fluidicly coupled to the first fluid passage and an outer 

conical sur&ce, a removable annular conical sleeve coupled to the outer conical sur&ce of 
the expansion cone, an annular expansion cone launcher coiq)led to the conical sleeve and 
a lower portion of the tubular member, and a shoe having a valveable passage coupled to 
an end of the expansion cone launcher. 

1 5 According to another aspect of the present invention, a method of forming a 

wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically defonning and radially expanding 
another portion of the tubular m^ber to a second outside diameter. 

20 According to another aspect of the present invention, a method of forming a mono- 

diameter wellbore casing within a wellbore is provided that includes siq>porting a first 
tubular member within the weUbore, plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically defonning and 
radially expanding another portion of the first tubular mCTibar to a second outside 

25 diamete*, positioning flie second tubular m^b^ inside tfie first tubular member in 

overusing relation to the first portion of the first tubular member, plasticaUy defonning 
and radially expanding the second tubular member to a third outside diameter, and 
plasticaUy defoimmg and radially expanding the second tubuliar member to a fourth 
outside diameter. The inside diameta:s of the first and second tubtdar members after the 

30 plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
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plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlq)ping relation to the first 
S portion of the first tubular member, means for plastically deforming and radially 
e3q)andmg the second tubular member to a third outside diameter, and 
means for plastically deforming and radially e}q>anding the second tubular mmiber to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic defonnatioiis and radial expansions are substantially equal. 

1 0 According to another aspect of Aie present mvration, an apparatus for plastically 

deforming and radially expanding a tubular member is provided that includes means for 
providing a lipped portion in a portion of the tubular m^iber, and means for plastically 
deforming and radially expanding another portion of flie tubular member. 

According to another aspect of the present invention, an ^paratus for plastically 

1 5 deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coi4)led to the tubular 
support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical sur&ce, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of die tubular member, a second aimular portion 

20 coiQ>led to the first aimular portion that mates with the outer conical surface of the 
mansion cone, a third annular portion coi^led to die second annular portion having a 
first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a sdioe having a valveable passage coi^led to fointfa aimular portion 

25 ofthe expansion cone launcher. 

According to another aspect ofthe present invention, a method of plastically 
deforming and radially expanding a tubular memb^ is provided that includes piovidmg a 
lipped portion in a portion ofthe tubular memb^, and plastically deforming and radially 
expanding another portion of the tubular m^ber. 

30 According to another aspect of tiie present invention, a method of coupling a first 

tubular member to a second tubular member is provided that includes providing a lipped . 
portion in a portion of the first tubular member, plastically deforming and radially 
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expanding anoflier portion of the first tubular member, positioning the second tubular 
member inside the first tubular member in overlapping relation to the lipped portion of the 
first tubular member, and plastically defomiing and radially expanding the second tubular 
member. The inside diameters of the first and second tubular members after the plastic 
S deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coq)Iing a 
first tubular member to a second tubular member is provided that includes means fi>r 
providing a lipped portion in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular membor, means for positionizig the 
10 second tubular memb^ inside the first tubular member in ov^lqiping relation to the 
lipped portion of the first tubular member, and means for plastically deforming and 
radially e3q>anding the second tubular member. The inside diameters of the first and 
second tubular memb^ after tide plastic deformations and radial expansions are 
substantially equal 

1 S According to another aspect of the preset invention, an apparatus for forming a 

wellbore casing within a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, means for providing a lipped portion in the tubular member, 
and means for plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 

20 According to another aspect of the present invention, an q)paratus for forming a 

wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coiqpled to the tubular siqpport m^ber 
having a second fluid passage fluidicly coiq>led to the first fluid passage and an outer 
conical surfiice, an annular mansion cone launcher including: a first annular portion 

25 coiq>led to a lower portion of the tubular member, a second annular portion coupled to the 
first annular portion that mates with the outer conical sur&ce of the e^ansion cone, a 
third annular portion coiq;>led to the second annular portion having a first outside diameter, 
and a fourth annular portion coiq>led to the third annular portion having a second outside 
diamet^, wherein the second outside diamrter is less than flie first outside diameter, and a 

30 shoe having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 
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According to another aspect of the present invention, a method of forming a 
wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member. 
S According to another aspect of the present invaxtion, a method of forming a mono- 

diameter wellbore casing within a wellbore is provided that includes supporting a first 
tubular meoiber within the wellbore, providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member in 

10 overl^ping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular m^nber. The inside diameters of 
the first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. 

According to anotho" aspect of the present invention, an apparatus for forming a 

1 5 mono-diameter wellbore casing within a wellbore is provided that includes means for 

providing a lipped portion in the first tubiilar member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in overl^piug relation to the 
lipped portion of the first tubular member, and means for plastically deforming and 

20 radially expanding the second tubular member. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular mmiber is provided that includes means for 

25 plastically deforming and radially expanding a first end of the tubular member, and means 
for plastically deforming and radially expanding a second end of the tubular member. 

According to another aspect of die preset invention, an sqiparatus for plastically 
deformii^ and radially e)q>anding a tubular member is provided that includes a tubular 
siq)port member including a first passage, an e3q)ansion cone coupled to the tubular 

30 support Having a second passage fluidicly coupled to the first passage and an outer conical 
surface, an annular expansion cone launcher movably coupled to outer conical surface of 
the expansion cone, an expandable tubular member coupled to an end of the amiular 
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expansion cone launcher, a shoe coupled to another end of the annular expansion cone 
launcher having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support mmber. The annular expansion cones are positioned in 
opposite orientations. 

S According to another aspect of the present invention, a method of plastically 

deforming and radially e3q>anding a tubular member is provided that includes plastically 
deforming and radially e^anding a first end of the tubular member, and plastically 
deforming and radially expanding a second end of fhe tubular m^ber. 

According to another aspect of the present invention, a method of coiq)ling a first 

1 0 tubular member to a second tubular member is provided (bat includes positioning the 
second tubular m^ber inside the first tubular mraiber in an ov&Azippmg relationdup, 
plastically deforming and radially expanding the end of fhe second tubular member that 
overlaps with the first tubular member, and plastically deforming and radially expanding 
the remaining portion of the second tubular member. 

1 5 According to another aspect of the present invention, an £q;>paratus for coupling a 

first tubular manber to a second tubular member is provided that includes means for 
positioning the second tubular member inside the first tubular member in an overlq>ping 
relationship, means for plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, and means for plastically 

20 deforming and radially expanding the remaining portion of the second tubular member. 

According to anoth^ aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, means for plastically deforming and radially expanding a first 
end of flie tubular member, and means for plastically deforming and radially e3q>anding a 

25 second end of the tubular member. 

According to another aspect of the present invention, an i^yparatus for forming a 
wellbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coiq)led to the tubular stq>port having a 
second passage fluidicly coupled to the first passage and an outer conical surface, an 

30 annular expansion cone launcher movably coupled to outer conical siuiace of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion cone 
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launch^: having a valveable fluid passage, and another annular expansion cone movably 
coi^led to the tubular support member. The aimular expansion cones are positioned in 
opposite orientations. 

According to another aspect of the present invention, a method of forming a 
5 wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first mi of flie tubular member, and plastically defomung and 
radially expanding a second end of the tabular member. 

According to another aspect of the present invGation, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically defonning and 

1 0 radially expanding a first tubular member widiin Hie wellbore, positioning a second tubular 
memba- inside the first tubular memb^ in an overk^ing relationship, plastically 
deforming and radially expanding the end of the second tubular member fliat overlaps with 
the first tubular member, and plastically deforming and radially expanding the remaining 
portion of the second tubular member. 

1 5 According to another aspect of the presoat invention, an apparatus for fontning a 

wellbore casing within a wellbore is provided that includes means for plastically 
defonning and radially expanding a first tubular member within the wellbore, means for 
positioning the second tubular member inside the first tubular member in an overlapping 
relationship, means for plastically deforming and radially expanding the end of the second 

20 tubular mraiber that overlaps with the first tubular member, and means for plastically 
deforming and radially expanding the r^naining portion of the second tubular member. 

According to another asfpect of the present invention, an apparatus for bridging an 
axial sap between opposing pairs of wellbore casing witiiin a wellbore is provided that 
includes means for siq;>porting a tubular mCTber in overlapping relation to the opposing 

25 ends of the wellbore casings, means for plastically deforming and radially expanding the 
tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an axial 
30 gap between opposing pairs of wellbore casing within a wellbore is provided that includes 
supporting a tubular member in overlapping relation to the opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
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defonning and radially expanding fhe tubular member and the opposing ends of the 
wellbore casings. 

According to another aspect of the present invention, a method of forming a 
structure having desired strength characteristics is provided that includes providing a first 
S tubular member, and plastically defonning and radially expanding additional tubular 
members onto the interior sui&ce of the first tubular metnb^ until the desired strength 
characteristics are achieved. 

According to anoflia: aspect of the present invention, a method of forming a 
wellbore casing within a wellboie having desired strength characteristics is provided that 
1 0 includes plastically defomoing and radially expanding a first tubular member within the 
wellbore, and plastically deforming and radially expanding additional tubular members 
onto the intmor sur&ce of the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a first 
1 5 tubular member to a second tubular merober, the first tubular member having an original 
outside diameter ODq and an original wall thickness to, is provided that includes plastically 
deforming and radially expanding a first portion of the first tubiilar member to a first 
outside diameter, plastically deforming and radially expanding another portion of the first 
tubular memba* to a second outside diameter, positioning the second tubular member 
20 inside the first tubular member in overkppingrektion to fhe first portion of the 

tubular member, plastically defonning and radially expanding the second tubular member 
to a third outside diameter, and plastically defomung and radially expanding the second 
tubular member to a fourdi outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
25 equal, and the ratio of the original outside diameter ODq of the first tubular member to the 
original wall thickness to of fiie first tubular memb^ is greater than or equal to 1 6. 

According to another aspect of fhc present invention, a method of forming a mono- 
diameter wellbore casing is provided fliat includes positioning a first tubular member 
within a wellbore, the first tubular member having an original outside diameter OD^ and 
30 an original wall thickness to, plastically deforming and radially expanding a first portion of 
the first tubular member to a first outside diameter, plastically deforming and radially 
expanding anotiier portion of tiie first tubular member to a second outside diameter. 
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positioning the second tubular member inside the first tubular member in overl^ping 
relation to the first portion of the first tubular member, plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and plastically 
deforming and radially expanding the second tubular member to a fourth outside diameter. 
5 The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal, and the ratio of flie original outside diamet^ 
ODq of the first tubular memb^ to the original wall thickness to of the first tubular member 
is greater flian or equal to 16. 

According to another aspect of tiie present inv^tion, an qyparatus is provided fliat 

10 inchides a plastically defimned and radially expanded tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter. The ratio of tiie original outside diameter OD^ of the first tubular member to the 
original wall tiiickness t^ of flie first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided that 

1 5 includes a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coi:q;)led to the first portion of the first tubular member. The ratio of the original outside 
diameter ODq of the first tubular memb^ to the origmal wall thickness t^ of flie first 

20 tubular member is greater than or equal to 16. 

According to another aspect of the present invention, a wellbore casing formed in a 
weUbore is provided that includes a plastically deformed and radially expanded first 
tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diam^er, and a plastically defomied and radially 

25 expanded second tubular member coiq>led to the first portion of tiie first tubular member. 
The ratio of the original outside diameter ODq of the first tubular member to Qie original 
wall thickness t^ of the first tubular member is greater than or equal to 16. 

According to another aspect of tihe present invention, an ^paratus is provided that 
includes a plastically deformed and radially expanded tubular member. The ratio of tiie 

30 original outside diameter ODq of the tubular member to the original wall thickness tg of the 
tubular member is greater than or equal to 16. 
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Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of an 
S apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. Ic is a cross-sectional illustration of flie injection of fluidic materials through 
the ^aratus of Fig. lb. 

Fig. Id is a ax)ss-sectional illustration of the injection of hardenable fluidic sealing 
materials tiuou^ the apparatus of Fig. Ic. 
1 0 Fig. le is a (ross-sectional illustration of the pressuiization of the region below the 

mansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of the continued pressuiization of the region 
below the expansion cone of the ^aratus of Fig. le. 

Fig. Ig is a cross-sectional illustration of the continued pressurization of the region 
1 5 below the expansion cone of the apparatus of Fig. If following the removal of the over- 
expansion sleeve. 

Fig. lb is a cross-sectional illustration of the completion of the radial expansion of 
the e3q)andable tubular memb^ of the apparatus of Fig. Ig. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of die 
20 wellbore below the q>paratus of Fig. Ik 

Fig. Ij is a (m>ss-sectional illustration of the radial expansion of another 
^andable tubular member that oveclaps with the qyparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of the 
othCT expandable tubular member of tiie apparatus of Fig. 11. 
25 Fig. II is a ooss^sectional illustration of the completion of tiie secondary radial 

expansion of the other expandable tubular member of Fig. Ik to form a mono-diameter 
wellbore casmg. 

Fig. 2a is a oross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

30 Fig. 2b is a cross-sectional illustration of die placement of an embodiment of an 

apparatus for radiaDy expanding a tubular member into tilie wellbore of Fig. 2a. 
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Fig. 2c is a cross-sectional illustration of the injection of iluidic materials through 
the J5)paratus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic sealing 
materials througji the apparatus of Fig. 2c. 
S Pig. 2e is a cross-sectional illustration of the pressurization of the region below the 

expansion cone of flie apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the contmued pressurization of the region 
below the expansion cone of ttie q>paratus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of flie radial expansion of 
10 the expandable tubular member of &e ^paratus of Fig. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the ^paratus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. 2h. 
IS Fig. 2j is a cross-sectional illustration of the secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. 2j to form a mono-diameter 
wellbore casing. 

20 Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating the 

design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an alternative embodiment of the iqpparatus 
25 of Fig. 2b including a resilient hook for retrieving the over-e^^ansion insert. 

Fig. Sa is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 5a. 
30 Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 

inflatable bladder into the new section of the wellbore casing of Fig. 5b. 



-13- 



wo 02/29199 PCT/USOl/30256 

Fig. Sd is a fragmentaiy cross-sectional illustration of the inflation of the inflatable 
bladder of Fig. 5c. 

Fig. Se is a cross-sectional illustration of the new section of wellbore casing of Fig. 
Sd after over-expansion. 
S Fig. Sf is a cross-sectional illustration of the new section of wellbore casing of Fig. 

5e after drilling out a new section of the wellbore. 

Fig. Sg is a cross-sectional illustration of the fonnation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additicmal 
section of wellbore casing. 
10 Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
1 5 radial expansion device into the new section of the wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6c aftar over-expansion. 

Fig. 6e is a cross-sectional illustration of tiie new section of wellbore casing of Fig. 
6d after drilling out a new section of the wellbore. 
20 Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 

wellbore casing that includes the new section of tiie wellbore casing and an additional 
section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

25 Fig. 7b is a cross-sectional illustration of the placemaat of an embodiment of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. 7a 

Fig. 7c is a cross-sectional illustration of the injection of fluidic materials through 
the app£uratus of Fig. 7b. 

Fig. 7d is a cross-sectional iUustration of the injection of hardenable fluidic sealing 
30 materials through the £^aratus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of the pressurization of the region below the 
expansion cone of the apparatus of Fig. 7d. 



-14- 



wo 02/29199 PCT/USOl/30256 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial expansion of 
the expandable tubular member of the apparatus of Fig. 7f 
S Fig. 7h is a cross-sectional illustration of the drilling out of a new section of the 

wellbore below the apparatus of Fig, 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial expansion of 
anottier ^pandable tubular member to form a mono-diameter wellbore casing. 

Fig. 8a is cmss-sectional illustration of an wellbore including a preexisting section 
1 0 of wellbore casing having a recessed portiorL 

Fig. 8b is a cross-sectional illustration of tiie plac^ent of an ^paratus for radially 
e^anding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials throu^ 
the apparatus of Fig. 8b. 
1 5 Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 

sealing matmal through the s^aratus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within tiie expansion cone launcher of the ^aratus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of tiie plastic deformation and radial 
20 expansion of the upper portion of the expandable tubular member of the apparatus of Fig. 
8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion cone 
fiom the wellbore of fig. 8f. 

Fig. 8h is a cross-sectional illustration of the continued pressurization of the region 
25 below tiie expansion cone of the qyparatus of Fig. 8g to tiiereby plastically deform and 
radially expand tbe expansion cone launcher and expandable tubular member. 

Fig. 8i is a cross-sectional illustration of the completion of the initial radial 
expansion process of the ^paratus of Fig. Sh. 

Fig. 8j is a cross-sectional illustration of the further radial e3q>ansion of the 
30 apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 
preexisting wellbore casings that are separated by an axial gap. 
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Fig. 9b is a cross-sectional illustration of tiie coupling of a tubular member to the 
opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansion device into the tubular member of Fig. 9b. 
5 Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 

expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter weltbore casing generated by the 
actuation of the radial ^q>ansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing that 
1 0 includes a plurality of layers of radially e(}q>anded tubular members along at least a portion 
ofthe its length. 

Fig. 11a is a ax>ss-sectional illustration of a wellbore including a casing formed by 
plastically deforming and radially expanding a first tubular memb^. 

Fig. 1 lb is a cross-sectional illustration of a wellbore including another casing 
1 5 coupled to the preexisting casing by plastically deforming and radially expanding a second 
tubular member. 

Fig. 1 Ic is a cross-sectional illustration of a mono-diameter wellbore casing 
formed by radially e}q>anding the second tubular member a second time. 
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Detailed Description 
Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments^ the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, or 
5 structural supports. Furthermore, while the present illustrative embodiments are described 
with reference to the formation of mono-diameter wellbore casings, the teachings of the 
present disclosure have general plication to the formation or repair of wellbore casings, 
pipelines, and structural siqyports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore casing 

10 IS. The wellbore 10 may be oriented in any orientation fiom flie vertical to the horizontaL 
The preexisting wellbore casing 15 may be coupled to the upper portion of the wellbore 10 
using any number of conventional methods, hi a preferred embodiment, the wellbore 
casing 1 5 is coupled to the i^er portion of the wellbore 1 0 using one or more of the 
methods and qyparatus disclosed in one or more of the following: (1) U.S. patent 

15 application serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent qjplication serial no. 09/510,913, attomey docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent q)pUcation serial no. 09/502,350, attomey docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent ^plication serial no. 09/440338, attomey 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 

20 09/523,460, attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 

application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent qq)Iication serial no. 09/5 1 1,941, attomey docket no. 25791 . 16.02, filed on 
2/24/2000, (8) U.S. patent plication serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patmt q>plication smsl no. 09/559,122, attomey 

25 docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent plication serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000. (1 1) U.S. 
provisional patmt application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent ^plication smal no. 

30 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attomey docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attomey docket 
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no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent ^plication serial no* 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (1 8) U.S. provisional patent application serial no. , attorney 

5 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent apphcadoa serial no. , attorney docket no. 25791.47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. More 
generally, the preexisting wellbore casmg 15 may be coupled to another preexisting 
10 wellbore casing and/or may include one or more concentrically positioned tubular 
members. 

Refening to Fig. lb, an apparatus 100 for radially expanding a tabular member 
may then be positioned wifliin the wellbore 1 0. The q>paratus 100 includes a tubular 
support member 105 defining a passage 1 10 for conveying fluidic materials. An 

15 expansion cone 1 1 5 defining a passage 120 and having an outer conical surfiice 125 for 
radially expanding tubular members is coupled to an end of the tubular support member 
105. An aimular conical over-expansion sleeve 130 mates with and is removably coq)led 
to the outer conical sur&ce 125 of the e^ansion cone 1 15. In several alternative 
embodiments, the over-expansion sleeve 130 is fabricated fit)m fi:angible materials such 

20 as, for example, c^amic materials, in order to facilitate the removal of the over-expansion 
sleeve during operation of the ^aratus 100. In this manner, the amount of radial 
expansion provided by the ^paratus may be decreased following tiie removal of the over- 
expansion sleeve 130. 

An es^ansion cone launcher 135 is movably coi^led to and supported by the 

25 expansion cone 115 and the over-e3q)ansion sleeve 130. The expansion cone launcher 135 
include an upp^ portion having an xsppeac oxOsa: diameter, an intennediate portion that 
mates with the expansion cone 1 15 and the over-expansion sleeve 130, an a Iowa- portion 
having a lower outer diameter. The lower outer diameter is greater than the iQ)per outer 
diameter. A shoe 140 defining a valveable passage 145 is coiq3led to the Iowct portion of 

30 the e^ansion cone launcher 135. In a preferred embodiment, the valveable passage 145 
may be controllably closed in order to fluidicly isolate a region 150 below the expansion 
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cone 115 and bounded by the lower portion of the expansion cone launcher 13S and the 
shoe 140 from the region outside of the apparatus 100. 

An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are coupled 
S to the exterior of the upper portion of the expandable tubular m^ber 1 55. hi several 
alternative embodiments, the sealing members 160a and 160b may include elastomeric 
elraients and/or metallic elements and/or composite elements. In sev^:al alternative 
CTabodiments, one or more anchoring elements xxiay substituted for, or used in addition to, 
the sealing members 160a and 160b. 

10 In a prefenred CTibodiment, the support member 105, the eiqiansion cone 1 15, the 

expansion cone launcher 135, the shoe 140, and the expandable tubular member 155 are 
provided substantially as disclosed in one or more of the following: (1) U.S. patent 
^plication serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attomey docket no. 25791.7.02, filed on 

1 5 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attomey docket no. 

25791.8.02, filed on 2/10/2000, (4) U.S. patent ^plication serial no. 09/440,338, attomey 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent q)plication serial no. 
09/523,460, attomq^ docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 
appUcation serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) 

20 U.S. patent application serial no. 09/51 1,941, attomey docket no. 25791.16.02, filed oh 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent ^Kcation serial no. 09/559,122, attomey 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent plication smal no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 

25 provisional patent plication serial no. 60/162,671, attomey docket no. 25791J27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 2579129, filed on 9/16/1999, (13) U.S. provisional pat^ application serial no. 
60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patmt £q)plication sedal no. 60/159,039, attomey docket no. 25791.36, filed on 

30 10/12/1999, (15) U.S. provisional patent ^plication serial no. 60/159,033, attomey docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent ^plication serial no. 
, attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 
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provisional patent application serial no. 60/165,228, attorney docket no, 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent ^plication serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, ffled on 7/28/2000, and (20) U.S. 

5 provisional patent q[>plication serial no. , attorney docket no. 25791 .47, 

filed on 9/1 8/2000» the disclosures of which are incorporated herein by Teferencc. 

As illustrated in Fig. lb» in a prefen:ed embodiment, during placement of flie 
apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 are 
conveyed ttrough the s^aratus 100 through the passages 1 10, 120 and 145 to a location 

10 above tiie s^aratus 100. In this manner, surge pressures during placement of the 
q>paratus 100 within the wellbore 10 are reduced. Iq a prefeired ^bodiment, the 
apparatus 100 is initially positioned witihin the wellbore 10 such that the top portion of the 
tubular member 155 ov^l^s with the preexisting casing 15. In ibis manner, the upper 
portion of the expandable tabular mraiber 155 maybe radially ^anded into contact with 

1 5 and coiq)led to the preexisting casing 1 5. As will be recognized by persons having 

ordinary skill in the art, the precise initial position of the expandable tubular member 1 55 
will vary as a function of the amoimt of radial expansion, the amoimt of axial shrinkage 
during radial expansion, and the material properties of the expandable tubular member. 
As illustrated in Fig, Ic, a fluidic material 170 may then be injected through the 

20 apparatus 100 througji the passages 1 10, 120, and 145 in oid^ to test the proper operation 
of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then be 
injected through the ^paratus 100 through the passages 110, 120 and 145 into the annulus 
between the qiparatus and the wellbore 10. In this manner, an annular barrier to fluid 

25 migration into and out of the wellbore 1 0 may be formed around the radially expanded 
expansion cone launcher 135 and e3q)andable tubular member 155. The hardmable fluidic 
sealing material may include, for example, a cement mixture. In several alternative 
embodiments, the injection of the hardenable fluidic sealing material 175 may be omitted. 
In several alternative embodiments, the hardenable fluidic sealing material 175 is 

30 compressible, before, during and/or aft^, the curing process. 

As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be 
injected into the appsratas through the passages 110 and 120. A ball plug 1 85, or other 
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similar device, may thea be injected with the fluidic material 1 80 to thereby seal off the 
passage 145. In this manner, the region 150 may be pressurized by the continued injection 
of the fluidic material 1 80 into the apparatus 100. 

As illustrated in Fig. 1^ the continued injection of the fluidic material 180 into the 
5 q>paiatus 100 causes the expansion cone launcher 135 and e^andable tubular member 
155 to be plastically deformed and radially expanded off of the over-expansion sleeve 130. 
Id this manner^ ttie e3q>ansion cone 1 15 and over-mansion sleeve 130 are di^laced 
relative to the expansion cone launcher 135 and expandable tubular member 155 in flie 
axial direction. 

1 0 After a predetermined time period and/or after a predetennined axial displacement 

of the expansion cone 115 relative to the expasmoa cone laundier 135 and expandable 
tubular member 155, the over-expansion sleeve 130 may be removed from the outer 
conical surface 125 of die expansion cone 1 15 by the ^plication of a predetemained 
iq)ward shock load to fhe support member 105. In a preferred embodiment, the shock load 

1 5 causes the frangible over-expansion sleeve 130 to fracture into small pieces that are then 
forced ofT of the outer conical surface 125 of the expansion cone 1 15 by the continued 
pressurization of the region 150. In a preferred embodiment, the pieces of the oyer- 
expansion sleeve 1 30 are pulverized into grains of material by the continued pressurization 
of the region 150. 

20 Referring to Fig. Ig, following the removal of Ihe frangible over-expansion sleeve 

130, the continued pressurization of the region 150 causes the e^q^andable tubular member 
155 to be plastically deformed and radially expanded and extruded ofTof the outer conical 
surface 125 of fhe expansion cone 115. Note ihaX the amount of radial expansion provided 
by die outer conical surface 125 of expansion cone 115 is less than flie amount of radial 

25 expansion provided by fhe combination of fhe over-expansion sleeve 130 and ihe 

expansion cone 115. In fliis maimer, as illustrated in Fig. lh,arecess 185 is formed in fhe 
radially expanded tubular member 155. 

Aft^ completing tiie plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to ttiereby form an 

30 amular body 190 that provides a barrier to fluid flow into or out of fhe wellbore 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out fhe shoe using 
a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
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order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 155. 

Referring to Fig. Ij, a tubular member 200 may then be plastically deformed and 
radially expanded using any number of conventional methods of radially expanding a 
5 tubular monber. In a preferred embodiment, the upper portion of the radially expanded 
tubular member 200 overlaps with and mates with the recessed portion 1 85 of the tubular 
member 15S. In a preferred embodiment, one or more sealing members 205 are coipled to 
the exterior surfice of the iqpper portion of the tubular member 200. In a preferred 
embodiment, the sealing members 205 seal the itOec&ce between the iq>per portion of tiie 

10 tubular mmiber 200 and the recessed portion 1 85 of the tubular member 1 55. In several 
alternative embodiments, the sealing members 205 may include elastomeric elonents 
and/or metaUic elements and/or conoqiosite elements. In several alternative embodiments, 
one or more anchoring elements may substituted for, or used in addition to, the sealing 
members 205. hi a preferred embodiment, an annular body 210 of a hardenable fluidic 

1 5 sealing material is also formed around the tubular member 200 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the annular body 210 is formed using one or more of the apparatus 
and methods disclosed in the following: (1) U.S. patent application serial no, 09/454,139, 

20 attomey dodcet no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attom^ dodcet no. 25791.7.02, filed on 2^3/2000, (3) U.S. patent qjplication 
serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
appKcation serial no. 09/440^38, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) 
U.S. patent q>plication serial no. 09/523,460, attomey docket no. 25791 . 1 1 .02, filed on 

25 3/10/2000, (6) U.S. patent qiplication s^al no. 09/512,895, attomey docket no. 

25791.12.02, filed on 2/24/2000, (7) U.S. patmt ^Ucation serial no. 09/51 1,941, attomey 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent plication serial no. 
09/588,946, attomqr docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent ^plication 
serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCX 

30 patent ^pKcation saial no. PCT/USOO/18635, attomey docket no. 25791 .25.02, filed on 
7/9/2000, (11) U.S. provisional patent ^plication secial no. 60/162,671, attomey docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent ^plication serial no. 
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60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent ^plication serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
5 attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent ^plication 

serial no. , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

11/12/1999, (18) U.S. provisionalpatenti^Iication serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. pix>visional patent qjplication serial no. 

10 , attorney docket no. 25791.46, filed on 7/28/2000, and (20) US. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, ttie disclosures of which are incorporated herein hy reference. 

In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, during 

1 5 and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially eqiial. In this inamier, as illustrated in Fig. 11, a 

20 mono-diameter weQbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an ^paratus 300 for 
radially e?q)anding a tubular member may then be positioned within the wellbore 10. Hie 
apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and having an 

25 outer conical surfiu;e 325 fi>r radially expanding tubular members is coi^led to an end of 
the tubular support member 305. An annular conical over-expansion insert 330 mates wifii 
and is removably coiq>led to tiie outer conical sur&ce 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by fbe 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 335 

30 includes an upper portion having an upper outer diameter, an intermediate portion that 
mates with the expansion cone 315 and the over-expansion insert 330, an a lower portion 
having a lower outer diameter. The lower outer diameter is greater than the upper outer 
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diameter. A shoe 340 defining a valveable passage 345 is coiq)led to the lower portion of 
the expansion cone launcher 335. hi a preferred embodiment, the valveable passage 345 
may be controllably closed in order to fluidicly isolate a region 350 below the expansion 
cone 315 and bounded by the lower portion of the e3q>ansion cone launcher 335 and the 
5 shoe 340 fiom the region outside of the ^paratus 300. 

hi a preferred embodiment, as illustrated in Fig. 3, the over-e3q>ansion insert 330 
includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d that are 
positioned between the outer conical surface 325 of tibe expansion coae 3 15 and the inner 
sur&ce of &e intennediate portion of the expansion cone launcher 335. hi this manner, 

10 the relative axial displacement of the e2q>ansion cone 315 and the expansion cone launcher 
335 will cause the expansion cone to over-expand flie intennediate portion of the 
mansion cone launcher. M this manner, a recess inay be formed in the radially expanded 
mansion cone launcher 335. In several alternative embodunents, the inserts 330a, 330b, 
330c, and 330d fall out of the recess and/or are removed fit>m the recess usmg a 

1 5 conventional retrieval tool upon the completion of the radial expansion process. 

hi an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 
330 further includes intemiediate resihent memb^ 331a, 331b, 331c, and 331d for 
resihently coupling the inserts 330a, 330b, 330c, and 330d. hi this manner, upon the 
completion of the radial expansion process, the resihent force exerted by the resihent 

20 members 33 1 causes the over-expansion insert to collq)se in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are coi^led 
to the exterior of flie upper portion of the e)qpandable tubular member 355. hi sev^ 

25 alternative embodiments, the sealing members 360a and 360b may include elastomeric 
elemmts and/or metallic elements and/or conq>osite elements. In several alternative 
raibodimrats, one or more anchoring elements mzy substituted for, or used in addition to, 
the sealing members 360a and 360b. 

hi a preferred embodiment, the support member 305, the expansion cone 315, the 

30 expansion cone launcher 335, flie shoe 340, and the expandable tubular member 355 are 
provided substantially as disclosed in one or more of the following: (1) U.S. patent 
apphcation serial no, 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
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U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) US. patent application serial no. 
5 09/523,460, attorney docket no. 25791,1 1.02, filed on 3/10/2000, (6) U.S. patent 

appUcation serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent £q>p]ication serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24^000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application soial no. 09/559,122, attorney 

10 docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent qjplication serial no: 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent plication serial no. 60/162,671, attorney docket no. 25791.27, filed on 
11/1/1999, (12) U.S. provisional patent ^plication soial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 

15 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attomey docket no. 25791.36, filed on 
10/12/1999, (15) US. provisional patent application serial no. 60/159,033, attomey docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent appUcation serial no. 
, attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

20 provisional patent application social no. 60/165,228, attomey docket no. 25791.39, filed on 

1 1/12/1 999, (1 8) U.S. provisional patent application serial no. , attomey 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent aiq>lication serial no. 

, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attomey docket no, 25791.47, 

25 filed on 9/18/2000, ttie disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, in apreferred embodiment, dtiring placement of the 
apparatus 300 within the wellbore 10, flnidic materials 365 within the wellbore 10 are 
conveyed through the qyparatus 300 through the passages 310, 320 and 345 to a location 
above the apparatus 300. In this maimer, surge pressures during placement of the 

30 apparatus 300 within the wellbore 10 are reduced. In a preferred raibodiment, the 

^paratus 300 is initially positioned within the wellbore 10 such that tiie top portion of the 
tubularmember 355 overlaps with the preexisting casing 15. In this manna:, the upper 



-25- 



wo 02/29199 PCT/USOl/30256 

portion of the expandable tubular member 355 may be radially expanded into contact with 
and coupled to the preexisting casing 15. As will be recognized by persons having 
ordinary skill in the art, the precise initial position of the expandable tubular member 355 
wiU vary as a function of the amount of radial expansion, the amount of axial shrinkage 
5 during radial expansion, and the material prop^es of the expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through the 
£q>paiatus 300 flirough the passages 310, 320, and 345 in order to test the proper operation 
of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing matmal 375 msy then be 
10 injected through the apparatus 300 ttirou^ the passages 310, 320 and 345 into the annuhis 
between the apparatus and tiie wellbore 10. hi this manner, an annular barrio to fluid 
migration into and out of the wellbore 10 may be formed around the radially expanded 
e3q>ansion cone launcher 335 and expandable tubular member 355. The hardenable fluidic 
sealing material may include, for example, a cement mixture. In several alternative 
1 5 embodiments, the injection of the hardenable fluidic sealing material 375 may be omitted. 
In several alternative embodiments, the hardenable fluidic sealing material 375 is 
compressible, before, during and/or after, flie curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 
injected into the ^paratus through the passages 310 and 320. A ball plug 385, or other 
20 similar device, may then be injected with the fluidic material 380 to thereby seal off the 
passage 345. In this manner, the region 350 may be pressurized by the continued injection 
of the fluidic material 380 into the i^aratus 300. 

As illustrated in Fig. 2^ the continued injection of the fluidic material 380 into the 
^aratus 300 causes the expansion cone launcher 335 to be plastically deformed and 
25 radially ^^anded off of&e over-expansion insert 330. hi fliis manner, the e3q>ansion cone 
315 is displaced relative to the expasmm cone launcher 335 and e^q^andable tubular 
memb^ 355 in flie axial direction. 

Once the radial expansion process has progressed beyond the over-expansion insert 
330, the radial expansion of the e>q>ansion cone launcher 335 and expandable tubular 
30 member 355 is provided solely by the outer conical surface 325 of flie expansion cone 315. 
Note that the amount of radial expansion provided by the outer conical surface 325 of 
expansion cone 3 15 is less than the amount of radial expansion provided by the 
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combination of the over-expansion insat 330 and the expansion cone 315. In this manner, 
as illustrated in Fig. 2g, a recess 390 is formed in the radially expanded tubular m^ber 
355, 

In several alternative embodiments, the over-expansion insert 330 is removed fix)m 
5 &e recess 390 by falling out and/or removal using a conventional retrieval tool. In an 
alternative embodiment, the resilimt force provided by the resili^t members 331a, 33 lb, 
331c, and 33 Id cause ttie insert 330 to collapse m the radial direction and flxereby &31 out 
of file recess 390. hi an altemative embodiment, as illustrated in Fig. 4, one or more 
resilient hooks 395a and 395b are coupled to the bottom of the esqpansion cone 3 15 for 
1 0 retrieving tibie over-expansion insert 330 during or after tiie completion of the radial 
expansion process. 

After completing tiie plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a barrier to fluid flow into or out of the wellbore 10. 

1 5 Referring to Fig. 2h, the shoe 340 may th^ removed by drilling out the shoe using 

a convMitional drilling device. A new section of the wellbore 10 may also be drilled out in 
ordar to permit additional expandable tubular members to be coiq)led to the bottom portion 
of the plastically deformed and radially expanded tubular member 355. 

Refiaring to Fig. 2j, a tubular member 405 may then be plastically deformed and 

20 radially expanded using any number of conventional methods of radially expanding a 
tubular member. In a preferred embodiment, the upper portion of the radially expanded 
tubular member 405 overlaps with and mates with the recessed portion 390 of the tubular 
member 355. In a prefened embodiment, one or more sealing members 410 are coupled to 
the exterior surface oftiieiqyperportiimofthe tubular member 405. In a preferred 

25 CTobodiment, tiie sealing mCTbers 410 seal the inter&ce between the upper portion of the 
tubular member 405 and the recessed portion 390 of the tubular member 355. In several 
alternative ^bodiments, the sealing members 410 may include elastomeric elements 
and/or metallic clients and/or composite elements. In several altemative embodiments, 
one or more anchoring elements may substituted for, or used in addition to, the sealing 

30 members 410. In a preferred embodiment, an annular body 41 5 of a hardenable fluidic 
sealing material is also formed around the tubular member 405 using one or more 
conventional methods. 
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In a preferred embodiment, the tubular member 405 is plastically defonned and 
radially expanded, and the annular body 415 is formed using one or more of the apparatus 
and methods disclosed in the foUowing: (1) U.S. patent appUcation serial no. 09/454,139, 
attorney docket no. 25791,03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
5 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent q)plication 
serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
qiplication serial no. 09/440,338, attorney dodcet no. 25791.9.02, filed on 1 1/15/1999, (5) 
U«S. patent qiplication serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent q^Iication serial no. 09/512,895, attorney docket no. 

10 25791.12.02, filed on 2/24/2000, (7) U.S. patent plication senel no. 09/511,941, attorney 
docket no. 25791.16.02, filed on 2/24^000, (8) U.S. patent application serial no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent ^plication 
serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 

15 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attomey docket 
no. 25791^7, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent q>plication serial no. 60/159,039, attomey docket no. 25791.36, 

20 filed on 10/12/1999, (15) U.S. provisional patmt application serial no. 60/159,033, 

attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent ^plication serial no. 60/165,228, attomey docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent qjplication serial no. , attomey 

25 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patmt application serial no. 

, attomey docket no. 25791 .46, filed on 7^8/2000, and (20) U.S. 

provisional patent application serial no. , attomey docket no. 25791.47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

Li an alteniative embodiment, the annular body 415 rnay be omitted. Inseveral 

30 alternative embodiments, the annular body 415 may be radially compressed before, during 
and/or after curing. 
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Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
memb^ 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k, a 
5 mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and fbexAy coupled 
to the preexisting section of wellbore casing 15 using any number of conventional 
methods. An annular body of a fluidic sealing material 510 may also be formed around the 

10 tubularmember 500 using any number of conventional methods* In a preferred 

embodiment, the tubular member 500 is plastically deformed and radially expanded and 
the amiular body 510 is formed using one or more of the methods and apparatus disclosed 
in one or more of tiie following: (1) U.S. patent ^plication serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent ^plication serial no. 

1 5 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application 
serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
plication serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, (5) 
U.S. patent application serial no. 09/523,460, attomey docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent ^plication serial no. 09/512,895, attomey docket no. 

20 25791.12.02, filed on 2/24/2000, (7) U.S. patent ^plication serial no. 09/511,941, attomey 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 
09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent qiplication serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 

25 7/9^000, (1 1) U.S. provisional patent qyplication serial no. 60/162,671, attomey docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent qqplication serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
plication serial no. 60/1 59,082, attomey docket no. 25791 .34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attomey docket no. 25791.36, 

30 filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 

attomey dock^ no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 
serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 
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provisional patent application serial no. 60/165;228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent plication serial no. , attorney 

docket no^ 2579 L45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

5 provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

In several alternative embodiments, the annnlar body 510 may be omitted or may 
be compressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladd^ 515 may then be 

10 positioned within the tubular mraiber 500 and inflated to a sufficient operating pressure to 
plastically defi)rm and radially expand a portion of the tubular member to thereby form a 
recess 520 in tiie tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may then be rraotoved and 
the shoe 505 drilled out usmg a conventional drilling device. 

1 5 Referring to Fig. 5g, an additional tubular mranber 525 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more of 
the methods and ^aratus described above in order to form a mono-diamet^ wellbore 
casing. Before, during or after the radial e^ansion of the tubular member 525, an annular 
body 530 of a fluidic sealing material may be formed around tixe tubular member in a 

20 conventional mann^ and/or by using one or more of the methods and apparatus described 
above. 

In several alternative embodiments, tiie inflatable bladder 515 may be coiq>led to 
the bottom of an expansion cone in order to permit the ov^-expansion process to be 
performed during the radial expansion process implemented using the &q>ansion cone. 

25 Referring to Figs 6a-6b, in an altonative embodiment, a tubular member 600 

having a shoe 605 may be plastically deformed and radially expanded and ther^y coupled 
to the preexisting section of weUbore casing 1 5 usii^ any number of conventional 
metiiods. An annular body of a fluidic sealing xnatmal 610 may also be formed around the 
tubular mmiber 600 using any number of conventional methods. In a preferred 

30 embodiment, the tubular member 600 is plastically deformed and radially expanded and 
the annular body 610 is formed using one or more of the methods and apparatus disclosed 
in one or more of the following: (1) U.S. patent £5)plication serial no. 09/454,139, attorney 
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docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent q>plication 
serial no. 09/502350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) 
5 U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10)^000, (6) U.S. patent qyplication smal no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2^4/2000, (7) U.S. patent plication serial no. 09/511,941, attorney 
docket no. 25791.16.02, filed on 2^4/2000, (8) U.S. patent qiplication serial no. 
09/588,946, attomqr docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent q)plication 

10 serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent ^plication serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent ^plication serial no. 
60/154,047, attorney docket no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional patent 

15 appUcation serial no. 60/159,082, attorney docket no. 25791 .34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent q>plication serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent q>plication 
seriial no. , attorney docket no. 25791 .38, filed on 6/19/2000, (17) U.S. 

20 provisional patent sqiplication serial no. 60/165,228, attorn^ docket no. 25791 .39, filed on 

1 1/12/1999, (1 8) U.S. provisional patent plication serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/^000, and (20) U.S. 

provisional patent plication serial no. , attorney docket no. 25791.47, 

25 filed on 9/1 8/2000, the disclosures of which are incorporated herein hy reference. 

In several alternative embodiments, the annular body 610 may be omitted or may 
be compressible before, during, or after curing. 

Refiling to Figs. 6c and 6d, a conventional roller expansion device 615 may then 
be positioned within the tubular member 600 and op^ted in a conventional marm^ apply 

30 a radial force to the interior surface of the tubular member 600 to plastically deform and 
radially expand a portion of the tubular member to thereby form a recess 620 in the tubular 
member. As wiU be recognized by persons having ordinary skill in the art, a roller 
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expansion device typically utilizes one or more rollers that, throu^ rotation of the device, 
apply a radial force to the interior surfaces of a tubular member. In several alternative 
embodiments, the roller expansion device 615 may include eccentric rollers such as, for 
example, as disclosed in U.S. Pat. Nos. 5,014,779 and 5,083,608, the disclosures of which 
5 are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be removed 
and the shoe 605 drilled out using a conventional drilling device. 

Reftaiing to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more of 
10 the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or afler the radial expansion of the tubtdar m^bo: 625, an ammlar 
body 630 of a fluidic sealing material may be formed around the tubular member in a 
ccmventional maimer and/or by using one or more of the methods and qjparatus described 
above. 

15 hi several alternative embodiments, the roller e?q)ansion device 615 may be 

coupled to the bottom of an expansion cone in order to permit the over-expansion process 
to be performed during the radial expansion process implemented iising the expansion 
cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore casing 
20 15. The wellbore 1 0 may be orirated in any orientation from the vertical to the horizontal. 
The preexisting wellbore casing 15 may be coupled to the upper portion of the wellbore 10 
using any number of conventional methods. In a preferred embodiment, the wellbore 
casing 15 is coupled to the upper portion of the wellbore 10 using one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent 
25 plication serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent plication serial no. 09/510,913, attomqr docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application saial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent appUcation serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 
30 09/523,460, attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 

^plication serial no. 09/512,895, attomqr docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
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2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
5 provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082» attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent i^lication serial no. 60/159,039, attorney docket no. 25791.36, filed on 

10 10/12/1999, (15) U.S- provisional patmt application serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19y2000, (17) U.S. 

provisional patent plication serial no. 60/165,228, attorney docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent plication serial no. , attomQ^ 

15 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patrat zqjplication serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent q>plication serial no. , attorney docket no. 25791.47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. More 
generally, the preexisting wellbore casing 15 may be coiq)led to another preexisting 

20 wellbore casing and/or may include one or more concentrically positioned tubular 
members. 

Refoiing to Fig. 7b, an ^aratus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
siqyport member 705 defining a passage 710 for conveying fluidic matoials. An 
25 expansion cone 715 defining a passage 720 and having an outer conical sur&ce 725 for 
radially expanding tubular members is coupled to an end of the tubular support member 
705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an vcpp&c portion 735a 
30 having an xxppGv outer diameter, an intermediate portion 735b that niates with the 

expansion cone 715, and a lower portion 735c having a lower outer diameter. The lower 
outer diameter is greater than the iqiper outer diameter. The expansion cone launcher 735 
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fijrther includes a recessed portion 735d having an outer diameter that is less than the 
lower outer diameter, 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of the 
expansion cone launcher 735. hi a preferred embodiment, the valveable passage 745 may 
5 be controUably closed in order to fluidicly isolate a region 750 below the expansion cone 
715 and bounded by the lower portion 735c of die expansion cone launcher 735 and the 
sboe 740 fix>m fbe region outside of the qqparatus 700. 

An expandable tubular member 755 is coiq>led to the qyper portion 735a of die 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 

10 coupled to the exterior of the upper portion of the e^andable tubular member 755. In 
several altmiative embodiments, the soling members 760a and 760b may include 
elastomeric elements and/or metallic elonents and/or composite elements. M several 
alternative embodiments, one or more anchoring elements may substituted for, or used in 
addition to, the sealing members 760a and 760b. 

15 In a preferred embodimeat, the support member 705, the expansion cone 715, the 

expansion cone launcher 735, the shoe 740, and the expandable tubular member 755 are 
provided substantially as disclosed in one or more of the following: (1) U.S. patent 
plication serial no. 09/454,139, attomey docket no. 25791.03,02, filed on 12/3/1999, (2) 
U.S. patent plication serial no. 09/510,913, attomey docket no. 25791.7.02, filed on 

20 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attomey docket no. 

25791.8.02, filed on 2/10/2000, (4) U.S. patent supplication serial no. 09/440,338, attomey 
docket no. 25791 .9,02, filed on 1 1/15/1999, (5) U.S, patent qrplication serial no. 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10^000, (6) U.S, patent 
plication serial no. 09/512,895, attomey docket no. 2579L12.02, filed on 2/24/2000, (7) 

25 U.S. patent iqyplication serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey dock^ no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application s&dsl no. 09/559,122, attomey 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent ^plication serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 

30 provisional patent ^plication serial no. 60/162,671, attomey docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent ^plication serial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
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60/159,082, attorney docket no. 2579L34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no, 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no, 

5 , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application s^al no. 60/165^8, attorney docket no. 25791.39, filed on 

11/12/1999, (18) U.S. provisional patent qiplicafion serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent plication smal no. 
, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

10 provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by refetnce. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore It) are 
conveyed througih the apparatus 700 through the passages 710, 720 and 745 to a location 

1 5 above the apparatus 700. In this manner, surge pressures during placement of the 
apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, the 
^aratus 700 is initially positioned within the wellbore 10 such that the top portion of the 
tubular member 755 overlaps with the preexisting casing 15. In this manner, the upper 
portion of the ^andable tubular member 755 may be radially expanded into contact with 

20 iand coupled to the preexisting casing 1 5. As will be recognized by persons having 

ordinary skill in the art, the precise initial position of the expandable tubular member 755 
will vary as a fimction of the amount of radial expansion, the amount of axial shrinkage 
during radial expansion, and the material properties of the expandable tubular member. 
As illustrated in Fig. 7c, a fluidic material 770 may then be injected through die 

25 apparatus 700 through the passages 710, 720, and 745 in order to test the proper operation 
of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may thm be 
injected through the apparatus 700 through the passages 710, 720 and 745 into flie aimulus 
between flieqiparatus and the wellbore 10. hi fliis manner, an annular barrier to fluid 
30 migration into and out of the wellbore 10 may be formed around the radially expanded 
expansion cone launcher 735 and expandable tubular member 755. The hardenable fluidic 
sealing material may include, for example, a cement mixture. In several alternative 
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embodiments, flie injection of the hardenable fluidic sealing material 775 may be omitted. 
In several alternative embodiments, the hardenable fluidic sealing material 775 is 
compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-hardeoable fluidic material 780 may then be 
5 injected into the apparatus through the passages 710 and 720. A ball plug 785, or other 
similar device, may then be injected with the fluidic material 780 to thereby seal off the 
passage 745. this loanner, the region 750 may be pressurized by the continued inj% 
of the fluidic material 780 into tfie ^aratus 700. 

As illustrated in Figs. 7f and 7g» the continued injection of tiie fluidic material 780 
10 into flie ap p aratus 700 causes the e^ansion cone launcher 735 and expandable tubular 
memh&r 755 to be plastically deformed and radially e^qianded off of the expansion cone 
715. The resulting structure includes a lip 790. 

After conq>leting the plastic deformation and radial esqsansion of tiie tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby form an 
1 5 aimular body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe using 
a conventional drilling device. A new section of tiie wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically defonned and radiaUy expanded tubular memba- 755. 
20 Referring to Fig. 7i, an additional tubular member 800 may tiien be plastically 

defonned and radially expended in a conventional maimer and/or by using one or more of 
tiie me&ods and apparatus desoibed above in order to form a mono-diameto: wellbore 
casing. Before, during or after tiie radial mansion of the tubular member 800, an annular 
body 805 of a fluidic sealing material maybe formed around the tubular member in a 
25 conventional manner and/or by using one or more of the methods and apparatus described 
above. In a preferred embodiment, the lip 790 facilitates the coupling of the tubular 
member 800 to the tubular member 755 by providing a region on which the tubular 
member 800 maybe easily coiq>led onto. 

Referring to Fig. 8a, in an alternative embodimmt, a wellbore 10 includes a 
30 preexisting section of wellbore casing 15 and 900. The wellbore casing 900 includes 
sealing members 905a and 90Sb and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and annular 
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body 915 may be provided using any numbCT of conventional methods^ the methods 
described above, and/or using one or more of the methods disclosed in the following: (1) 
U.S. patent application serial no. 09/454,139, attomey docket no. 25791.03.02, ffled on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
5 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attomey 
docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent ^plication smal no. 
09/440338, attomey docket no. 25791.9.02, filed on 1 1/15/1999. (5) U.S. patent 
plication serial no. 09/523,460, attomey docket no. 25791.1 1.02, filed on 3/10/2000, (5) 
U.S. patent application serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 

10 2/24/2000, (7) U.S. patent plication smal no. 09/511,941, attomey docket no. 

25791.16.02, filed on 2/24/2000, (8) U.S. patent sqiplication serial no. 09/588,946, attomey 
docket no. 25791 .17.02, filed on 6/7^000, (9) U.S. patmt application serial no. 
09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 

15 7/9/2000, (11) U.S. provisional patent plication serial no. 60/162,671, attomey docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attomey docket no. 25791.36, 

20 filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 

attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attomey docket no. 2579139, filed on 
11/12/1999, (18) U.S. provisional patent qiplication serial no. , attomey 

25 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attomqr docket no. 25791.46, filed on 7/28^000, and (20) U.S. 

provisional patent i^lication serial no. , attomey docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated h^ein by reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member is 

30 then positioned within the wellbore 10 that includes a tubular support member 1005 that 
defines a passage 1010 for conveying fiuidic materials. A hydraulic locking device 1015 
that defines a passage 1020 for conveying fiuidic materials that is fluidicly coupled to the 
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passage 1010, The locking device 1015 further includes inlet passages, 1020a and 1020b, 
actuating chambers, 1025a and 1025b, and locking members, 1030a and 1030b. During 
operation, the injection of fluidic materials into the actuating chambers, 1025a and 1025b, 
causes the locking members, 1030a and 1030b, to be displaced outwardly in the radial 
5 direction. In this manner, the locking device 1015 may be controllably coupled to a 
tubular member to thereby maintain the tubular member in a substantially stationary 
position. As will be recognized by p^ons having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, and 
locking members 1030 will detencnine the maximimi amount of holding force provided by 

10 the locking device 1015. hi several altonative embodiments, fluidic materials may be 
injected into flie locking device 1015 using a dedicated fluid passage in order to provide 
precise control of the locking device. Li several alternative embodim^its, the locking 
device 1015 may be omitted and tiie tubular siqiport member 1005 coupled directiy to the 
tubular stq>port member 1035. 

15 One end of a tubular siqiport member 1035 that defines a passage 1040 is coiq)led 

to the locking device 1015. The passage 1040 is fluidicly coupled to the passage 1020. 
An e^ansion cone 1045 that defines a passage 1050 and includes an outer conical surface 
1055 is coiq>led to anotiier end of the tubular support member 1035. An expansion cone 
launcher 1060 is movably coupled to and supported by the ©q)ansion cone 1045. The 

20 expansion cone launcher 1 060 includes an iq>per portion 1 060a having an upper outside 
diameter, an intermediate portion 1060b that mates with the expansion cone 1045, and a 
lower portion 1 060c having a lower outside diameter. The lower outside diameter is 
greats than the upper outside diameter. 

A shoe 1065 tiiat defines a valveable passage 1070 is coupled to the lower portion 

25 1060c of flie expansion cone launch^ 1060. In this manner, a region 1075 below die 

expansion cone 1045 and bounded by the expansion cone launcher 1060 and the shoe 1065 
may be pressurized and fluidicly isolated &om the aimular region between the apparatus 
1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 

30 expansion cone launcher 1060. In several alternative embodiments, one or more sealing 
members are coupled to the exterior of the iq>per portion of the expandable tubular 
member 1080. In several alternative embodiments, the sealing members may include 
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elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used in 
addition to, the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular support 
S member 1005 includes an outer conical surface 1095. A tubular siq)port member 1 100 
defining a passage 1 105 for receiving the tubular siq>port member 1005 is coupled to the 
bottom of ttie e3q>ansion cone 1085 for $iq>porting and actuating the mansion cone. 

In a preferred embodiment^ the support members 1005 and 1035, the expansion 
cone 1045, the expansion cone launcher 1060, the shoe 1065, and the expandable tubular 

10 memb^ 1080 are provided substantially as disclosed m one or more of the following: (1) 
US. patent q)pUcation serial no. 09/454,139, attorney docket no. 2579L03.02, filed on 
12/3/1999, (2) U.S. patent ^pUcation serial no. 09/510,913, attorn^ docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent ^plication serial no. 09/502,350, attorney 
docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patrat q)plication serial no. 

15 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 

application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) 
U.S. patent ^plication serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attomey docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey 

20 docket no. 25791 . 17.02, filed on 6/7/2000, (9) U.S. patent plication serial no. 
09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application soial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 
7/9/2000, (1 1) U.S. provisional patent plication serial no. 60/162,671, attomey docket 
no. 25791 .27, filed on 1 1/1/1999, (12) U.S. provisional patrat qiplication serial no. 

25 60/154,047, attomey docket no. 2579129, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent sqyplication serial no. 60/159,039, attomey docket no. 2579136, 
filed on 10/12/1999, (15) U.S. provisional patent ^plication serial no. 60/159,033, 
attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent q>plication 

30 serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attomey docket no. 25791.39, filed on 
11/12/1999, (18) U.S. provisional patent q)plication serial no. ^ attomey 
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docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. ■ , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
S As illustrated in Fig. 8b, in a prefenred embodim^t, during plac^ent of the 

q)paratus 1000 within the wellbore 10, fluidic materials 1110 within the wellbore 10 are 
conveyed ibrou^ the qyparatos 1000 through the passages 1010, 1020, 1040 and 1070 to a 
location above the apparatus 1000. In this mann^, surge pressures during placement of 
the iqpparatus 1000 within the wellbore 10 are reduced. In a preferred embodiment, the 

10 apparatus 1000 is initially positioned within the wellbore 10 such that the top portion of 
the tubular m«iber 1080 overlaps wifli the recess 910 of tiie preexisting In 
this manner, the iq>per portion of the ejcpandable tubular member 1080 may be radially 
expanded into contact with and coupled to Oie recess 910 of the preexisting casing 900. 
As illustrated in Fig. 8c, a fluidic material 1115 may then be injected throu^ the 

15 apparatus 1000 througji the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 
injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 mto 
tiie aimulus between the apparatus and the wellbore 10. In this maimer, an aimular barrier 

20 to fluid migration into and out of the wellbore 1 0 may be formed around the radially 
expanded expansion cone launcher 1060 and expandable tubular member 1080. The 
hardenable fluidic sealing material may include, for exanq>le, a cement mixture. In several 
alternative embodiments, the izgection of flie hardenable fluidic sealing material 1 120 may 
be omitted. In several alternative embodiments, the hardenable fluidic sealing material 

25 1 120 is compressible, before, during and/or aft^, the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1 125 may then be 
iqected into the ^paratus 1000 through the passages 1010, 1020 and 1040. A ball plug 
1 130, or other similar device, may Hasa be injected with the fluidic material 1 125 to 
thereby seal off the passage 1070. In this manner, the re^on 1075 may be pressurized by 

30 the contmued injection of the fluidic material 1 125 into the ^aratus 1000. Furthermore, 
in this manner, the actuating chambers, 1025a and 1025b, of the locking device 1015 may 
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be pressurized In this maimer, the tubular member 1080 may be held in a substantially 
stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downward dnection by a direct application of axial force using the support member 1 100 
5 and/or through the application of fluid force. The axial displacement of the expansion 
cone 1085 may plastically deform and radially e3q>and the upper portion of the eqiandable 
tubular membo: 1080. In this mamier» the upper portion of the e^^andable tubular 
member 1080 may be precisely coiq>led to the recess 910 of the preexisting casing 900. 
During the downward actuation of die expansion cone 1085, the locking memb^ 
10 1015 preferably prevents axial displacement of the tubular mmiber 1080. Id a preferred 
embodiment, the locldng member 1015 is positioned proximate the upp^ portion of flie 
tubular member 1080 in order to prevent buckling of the tubular member 1080 during the 
radial mansion of the upper portion of the tubular member. In an alternative 
embodiment, the locking member 1015 is omitted and the interference between the 
15 intermediate portion 1060b of the expansion cone launcher 1060 and the expansion cone 
1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the iq^per portion of the tubular member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may th^ be raised out 
ofthewellbore 10. 

20 As illustrated in Fig. 8h, the continued injection of the fluidic miaterial 1 125 into 

the apparatus 1000 may thm cause the mansion cone launcher 1060 and the e3q)andable 
tubular mensb&c 1080 to be plastically deformed and radially expanded ofTof tfie 
expansion cone 1045. hi this manner, ttie expsosion cone 1045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1080 in the axial direction. 

25 hi apreferred embodiment, the axial forces created during die radial expansion process are 
greater than the axial forces generated by ttie locking device 1015. As will be recognized 
by pa:sons having ordinary skill in the art, die precise relationship between these axial 
forces will vary as a function of die operating characteristics of the locking device 1015 
and the metallmrgical properties of the expansion cone launcher 1060 and expandable 

30 tubular 1080. In an alternative embodiment, the operating pressures of the actuating 

chambers, 1025a and 1025b, and the region 1075 are separately controllable by providing 
separate and dedicated fluid passages for pressurizing each. 
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As illustrated in Fig. 8i, after completing the plastic deformation and radial 
expansion of the tubular member 1080, the hardenable fluidic sealing material is allowed 
to cure to thereby form an amiular body 1130 that provides a barrier to fluid flow into or 
out of the wellbore 10. The shoe 1065 may then removed by drilling out the shoe using a 
5 conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
order to pemut additional expandable tubular membm to be coiq>led to the bottom portion 
of the plastically deformed and radially expanded tubular member 1080. 

In an dteniativeOTibodiment, the annular body 1130 may be omitted. In several 
alternative embodiments, the aunular body 1 130 may be radially compressed before, 
10 during and/or afiCT curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expsadsd again 
using one or more of the methods described above to provide an mono-diameter wellbore 
casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
15 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 

outer aimular layers of fluidic sealing materials such as, for exanq)le, cement. The ends of 

the casings, 1205 and 1210, are separated by a gap 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the opposing 

ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a preferred 
20 embodiment, the tubular member 1220 is coiq>led to the opposing ends of the casings, 

1205 and 1210, by plastically deforming and radially expanding the tubular member 1220 

using one or more of the methods and apparatus described and referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned within 

the tubular member 1220. In a preferred embodiment, the length of the radial expansion 
25 device 1225 is greater than or equal to flie axial l»gfh of the tubular member 1220. In 

several alternative embodiments, the radial expansion device 1225 may be any numbor of 

conventional radial expansion devices such as, for exanq>le, expansion cones actuated by 

hydraulic and/or direct axial force, roller eiqiansion devices, and/or ^andable hydraulic 

bladders. 

30 Referring to Figs. 9d and 9e, afto: actuation and subsequent de-actuation and 

removal of the radial expansion device 1225, the inside diamet^ of the casings, 1205 and 
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1210, are substantially equal to the inside diameter of the tubular memb^ 1220. Id this 
manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 and 
an inner tubular member 1310. In a preferred embodiment, the tubular m^bers, 1305 and 
5 1310, are plastically deformed and radially expanded using one or more of the methods 
and apparatus described and referenced above. In this manner, a wellbore casing maybe 
provided ^ose burst and collq)se strength may be precisely controlled by varying the 
number, thickness, and/or material properties of the tabular members, 1305 and 1310. 
Referring to Fig. 1 la, a wellbore 1400 includes a casing 1405 that is coupled to a 

10 preexistmg casing 1410. In a preferred embodiment, one or more sealing members 1415 
are coiq)led to the exterior of the upper portion of the tubular member 1405 in order to 
optimally seal the interfice between the tubular member 1405 and the preexisting casing 
1410. Id a preferred embodiment, the tubular member 1405 is plastically deformed and 
radially expanded using conventional mettiods and/or one or more of the methods and 

15 apparatus described and referenced above. In an exemplary embodiment, the outside 

diameter of the tubular member 1405 prior to the radial expansion process is OD^, the wall 
thickness of the tubular member 1405 prior to the radial expansion process is t^, the 
outside diameter of the tubular member following the radial expansion process is OD^, and 
the wall thickness of the tubular member following the radial expansion process is t^. 

20 RefOTing to Fig. 1 lb, a tubular member 1420 may then be coiq>led to the lower 

portion of the tubular member 1405 by plastically deforming and radially e}q)anding the 
tubular member 1420 using conventional methods and/or one or more of the methods and 
s^paratus described and referenced above. In a preferred embodimrat, the exterior surface 
of the upper portion of the tubular member 1420 includes one or more sealing members for 

25 sealing the interface between the tubular member 1420 and the tubular member 1405. 

Referring to Fig. 1 Ic, lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above, hi an 

30 exemplary embodiment, tiie outside diameter and wall thickness of the lower portion of 
the tubular member 1405 after the additional radial e^qpansion process are ODj andt^. 
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The radial expansion process of Figs. 1 lb-1 Ic can then be repeated to provide a 
mono-diameter wellbore casing of virtually imlimited length. 

In several alternative embodiments, the ordering of the radial expansions of the 
tubular mraibers, 1405 and 1420, may be changed. For example, the first tubular member 
S 1405 may be plastically defomied and radially e^anded to provide a lower portion having 
the outside diameter ODj and the r^naining portion having tiie outside diameter ODi. The 
tubular msaibeT 1420 may then be plastically deformed and radially expanded one or more 
times until the inside diameters of the tubular members, 1405 and 1420, are substantially 
equal. The plastic deformations and radial expansions of the tubular members, 1405 and 
1 0 1420, may be provided using conventional methods and/or one or more of tiie methods and 
apparatus described and referenced above. 

Jn an exemplary embodiment, the total e^qpansion strain B of the tubular member 
1405 may be expressed by the following equation: 



Furfliermore, in an exemplary embodiment, where: (1) the exterior surface of the 
upper portion of the tubular member 1420 includes sealing members, and (2) the radial 
20 spacing between the tubxilar member 1405 and the wellbore 1400 prior to the first radial 
expansion is equal to d, the outside diameters, OD, and ODj, of the tubular member 1405 
following the first and second radial expansions may be expressed as: 



£=(OA-QDo)/QDo (1) 



15 



where 



ODq = original outside diameter 

OD, = outside diameter after 1^ radial expansion; and 

ODj == outside diameter after 2"** radial expansion. 



0!Dl = QDo + 2J+2/i (2) 
OD2^0D^ + 2R+2t^ (3) 



25 



30 



where OD^ = 



OD 



d 



ftie original outside diameter of the tubular mraiber 1405; 
- the outside diameter of the tubular menlb^ 1405 

following the first radial expansion; 
= the outside diameter of the tubular member 1405 

following the second radial expansion; 
= the radial spacing between the tubular member 1405 

and the wellbore prior to the first radial expansion; 
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t] - the wall thickness of the tubular member 1405 after 
the fiist radial expansion; 
= the wall thickness of the tubular member 1405 after 
the second radial eicpansion; and 
S R - the thickness ofsealing member provided on the 

wterior sur&ce of the tubular member 1420. 
Furtibennore, in an e3cenq)lary embodim^t, for d approximately equal to 0^5 
inches and R s^roxinoiately equal to 0.1 inches, equation (1) can be ^roximated as: 

E=(0T+3Jt^)/OD^ (4) 

10 where = the origuial wall thickness ofthe tubular member 

1405. 

In an exemplary embodhnent, tibte total npansion strain of the tubular member 
1 405 should be less than or equal to 0.3 m order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, fiom equation (4) the ratio ofthe 
15 original outside diameter to the original wall thickness {ODJt^ may be ^pressed as: 

OD^/t^ > 3.8/(03- 0.7/ODo) (5) 

Thus, in a preferred embodiment, for ODq less than 10 inches, flie optimal ratio of 
the original outside diameter to the origmal wall thickn^s (ODf/t^) may be expressed as: 

ODo/to^ie (6) 

20 hi this manner, for typical tubular members, the burst and collq>se strength ofthe 

tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1) through (6) are valid regardless of the order or type of Hie radial expansions 
ofthe tubular member 1405. More generally, the relationships expressed in equations (1) 

25 through (6) may be ^plied to the radial expansion of structures having a wide range of 
profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially expanding a 
first portion ofthe tubular member to a first outside diameter, and means for plastically 

30 deforming and radially expanding a second portion of tiie tubular member to a second 
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outside diameter. Jn a prefored embodiment, the first outside diameter is greater than the 
second outside diameter. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside diameter 
is rraiovable. In a preferred embodiment, the means for plastically deforming and radially 
S landing the first portion of the tubular member to the first outside diameter is fi*angible. 
In a preferred embodiment the means for plastically deforming and radially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a preferred 
embodiment, the means for plastically defixmiing and radially expanding the first portion 
of the tubular member to the first outside diameter includes means for applying a radial 

10 force to the first portion of die tubular member. In a preferred embodimmt,flie means for 
plastically deforming and radially expanding the first portion of the tubular member to the 
first outside diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for £q>plying radial pressure to the first portion of 

IS the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coiqpled to the tubular support member having a second fluid 
passage fluidicly coupled to the 6ist fluid passage and an outer conical surface, a 

20 removable annular conical sleeve coiqiled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coq>led to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
die expansion cone launcher. In a preferred embodiment, the conical sleeve is fi:angible. 
In a preferred embodiment, the conical sleeve is elastic. Li a preferred embodiment, the 

25 conical sleeve includes a plurality of arcuate elements. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and radially 
expanding anotiber portion of the tubular member to a second outside diameter. Jn a 

30 preferred embodiment, die first diameter is greater than the second diameter. In a 
preferred embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular memb^ using 
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a conical sleeve. In a preferred embodiment, conical sleeve is frangible. la a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the portion of the tubular member includes flying a radial force 
5 to the portion of the tubular member using an ioflatable bladder. In a preferred 
embodiment, plastically deforming and radially expanding the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using a roller 
esq^ansion device. 

A method of coupling a first tubular memb^ to a second tubular member has also 

1 Q be^L described that includes plastically deforming and radially e}q>anding a first portion of 
the first tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular membo: inside the first tubular member in overlapping 
relation to the fibrst portion of the first tubular memba:, plastically deforming and radially 

1 5 expanding the second tubular membo* to a third outside diameter, and plastically 

deforming and radially expanding the second tubular member to a fourth outside diameter. 
The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the first outside 
diameter is greater than the second outside diameter. In a preferred embodiment, 

20 plastically deforming and radially expanding the first portion of the first tubular member 
includes applying a radial force to the portion of the tubular member using a conical 
sleeve. In a preferred embodiment, the conical sleeve is firangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plasticaUy deforming 

25 and radially expanding the first portion of the first tubular membar includes qiplying a 
radial force to die first portion of the first tubular memb^ using an inflatable bladder. In a 
preferred embodiment, plastically deforming and radially expanding flie first portion of the 
first tubular memb^ includes s^plying a radial force to tiie first portion of the first tubular 
member using a roller expansion device. 

30 An i^aratus for coiqiling a first tubular member to a second tubular member has 

also been described that includes means for plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, means for plastically 
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deforming and radially expanding anoth^ portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 
member in overtyping relation to the first portion of the first tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 
5 diameter, and means for plastically deforming and radially e3q)anding the second tubular 
member to a fonifli oxitside diameter. The inside diam^ers of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal In a 
prefened embodiment, the first outside diameter is greater than the second outside 
diametCT. In a prefened embodiment, the means for plastically deforming and radially 

10 expanding the first portion of the first tubular member includes means for applying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is firangible. In a preferred embodiment, the conical sleeve 
is elastic. In a ptcf&xed embodimrat, the conical sleeve includes a plurality of arcuate 
elem^ts. In a preferred embodimrat, the means for plastically deforming and mdially 

1 5 expanding the first portion of the first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular m^ber using a roller expansion device. 

20 An apparatus for forming a wellbore casing within a wellbore has also hem 

described that includes means for supporting a tubular member within the wellbore, means 
for plastically deforming and radially expanding a first portion of the tubular member to a 
first outside diameter, and means for plastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 

25 embodiment, the first outside diameter is greater than the second outside diameter. In a 
prefeired embodiment, the means for plastically deforming and radially expanding the first 
portion of ttie tubular member to the first outside diameter is removable. In a prefeired 
embodiment, the means for plastically deforming and radially expanding tiie first portion 
of the tubular memba to the first outside diameter is firangible. In a preferred 

30 embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. In a preferred embodiment, 
the means for plastically deforming and radially expanding the first portion of the tubular 
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member to the first outside diameter includes means for ^plying a radial force to the first 
portion of the tubular member. In a preferred embodiment, the means for plastically 
defomciing and radially expanding the first portion of the tubular member to the first 
outside diameter is inflatable. In a preferred embodiment, the means for plastically 
S deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for flying radial pressure to the first portion of 
the tabular member, hi a preferred embodiment, flie apparatus furdier includes means for 
fomiing an annular body of a fiiuidic sealing material within an annulus between the 
tubular member and the wellbore. 

10 An appBXdtus far forming a wellbore casing within a wellbore has also been 

described ^xat includes a tubular support member mcluding a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coiq>led to the first fluid passage and an outer conical surfiice, a rmovable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 

1 S annular expansion cone launcher coupled to the conical sleeve and a lower portion of the 
tubular member, and a shoe having a valveable passage coupled to an end of the expansion 
cone launcher. In a preferred embodiment, the conical sleeve is firangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodim^t, the conical sleeve 
includes a plurality of arcuate elements. 

20 A method of forming a wellbore casing within a wellbore has also be^ described 

that includes supporting a tubular member within a wellbore, plastically deforming and 
radially sanding a portion of the tubular member to a first outside diam^, and 
plastically deforming and radially e^qianding another portion of the tubular member to a 
second outside diameter. In a preferred embodiment, fiie first diameter is greater than die 

25 second diameter. In a prefmed embodiment, plasticaUydeforining and radiaUye3q>a^ 
the portion of the tubular member includes supplying a radial force to the portion of the 
tubular member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
fi:angible. In a preferred embodimrat, the conical sleeve is elastic. la a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 

30 embodiment, plastically deforming and radially expanding flie portion of the tubular 
member includes applying a radial force to the portion of the tubular member using an 
inflatable bladder. In a preferred embodiment, plastically deforming and radially 
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expanding the portion of the tubular member includes flying a radial force to the portion 
of the tubular member using a roller expansion device. In a preferred embodiment, the 
method further includes injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the tubular member and the wellbore. In a preferred embodiment, 
5 the method furth^ includes curing the annular body of hardenable fluidic sealing material. 

A method of fomung a mono-diameter wellbore casing within a wellbore has also 
been described that includes siqiportmg a first tubular member within the wellbore, 
plastically deforming and radially esq^anding a first portion of flie first tubular member to a 
first outside diameto^, plastically deforming and radially expanding another portion of the 

1 0 first tubular member to a second outside diameter, positioning the second tubular member 
inside flie first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically defomnng and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

1 5 tubular members after the plastic deformations and radial expansions are substantially 
equal. In a preferred embodiment, the first outside diameter is greater than the second 
outside diameter, hi a preferred embodim^t, plastically deforming and radially expanding 
the first portion of the first tubular member includes flying a radial force to the portion 
of the tubular member using a conical sleeve. In a preferred embodiment, &e conical 

20 sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, die conical sleeve includes a plurality of arcuate elements. In a preferred 
embodhnent, plastically deforming and radially expanding the first portion of the first 
tubular member includes qyplying a radial force to the first portion of Ifae first tubular 
member usmg an inflatable bladder, hi a preferred embodiment, plastically deforming and 

25 radially e3q>anding the first portion of the first tubular mmiber includes applying a radial 
force to the first portion ofthe first tubular member using a roUerexparisiondevi Ina 
preferred raibodiment, the method finlher includes injecting an annular body of a 
hardenable fluidic sealing material mto an annulus betwera the first tubular memb^ and 
the wellbore. In a preferred embodhnent, the method fiirther inchides curing die annular 

30 body of hardenable fluidic sealing material, hi a preferred embodhnent, ttie method 

finlher includes injecting an aimular body of a hardenable fluidic sealing material into an 
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annulus between the second tubular member and the wellbore. In a preferred embodiment, 
the method further inchides curing the aimular body of hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member has 
also been described that includes means for plastically deforming and radially expanding a 
5 first portion of the first tubular member to a fitrst outside diameter, means for plastically 
deforming and radially e3q>andiDg another portion of the first tubular member to a second 
outside diameter, means for positioniog flie second tabular member inside the first tubular 
member hi ovarl^ing relation to tibe first portion of the first tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 

1 0 diameter, and means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The hiside diameters of the first and second tubular 
membm after the plastic deformations and radial e3q)ansions are substantially equal, hi a 
prefened embodiment, fiie first outside diameter is greater than the second outside 
diameta:. In a preferred embodiment, flie means for plastically defi)nning and radially 

1 5 expanding the first portion of the first tubular member includes means for s^plying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is fi^gible. In a preferred embodiment, the conical sleeve 
is elastic. In a preferred embodiment, ihe conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

20 expanding the first portion of the first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for q[>plying a radial force to the first 
portion of the first tubular member using a roller e:q>ansion device. In a prefixed 

25 embodiment, the ^aratus findier includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member and 
thewellbore. M a prefenredembodim^ the ^paratus further includes means for curm 
the annular body of hardenable fluidic sealing material. In a prefened embodiment, the 
apparatus finther includes means for injecdng an annular body of a hardenable fluidic 

30 sealing material into an annulus between die second tubular member and the wellbore^ In 
a preferred embodiment, the apparatus further inchides means for curing the annular body 
of hardenable fluidic sealing material. 
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An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion of 
the tubular member, and means for plastically defonning and radially expanding another 
portion of the tubular member. 
5 An ^paratus for plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular sappart member including a first fluid 
passage, an mansion cone coiqpled to the tubular support m^ber having a second fluid 
passage fluididy coiq>Ied to the first fluid passage and an outer conical sur£u», an amiular 
expansion cone launcher including: a first annular portion coupled to a lower pration of 

10 the tubular member, a second annular portion coiq>led to the first annular portion that 

mates witii the outer conical sur&ce of the expansion cone, a third annular portion coiq)led 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coiQ)led to the third annular portion having a second outside diamet^, wherein the second 
outside diameter is less flian the first outside diameter, and a shoe having a valveable 

1 5 passage coupled to fourth annular portion of the expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of ttie tubular 
member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been desoibed that includes providing a hpped portion in a portion of flie first tubular 
membCT, plastically defonning and radially e}q)anding another portion of the first tubular 
member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the hpped portion of fiie first tubular member, and plastically 

25 defocmii^ and radially landing the second tubular member. The inside diameters of the 
first and second tubular memb^ after the plastic deformations and radial expansions are 
substantially equal. 

An £qpparatus for coiq)ling a first tubular mCTaber to a second tubiilar memb^ has 
also been described that include means for providing a hpped portion in tibie first tubular 
30 monber, means for plastically deforming and radially expanding another portion of the 
first tubular member, means for positioniag the second tubular member inside the first 
tubular member in overlapping relation to the hpped portion of the first tubular member. 
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and means for plastically defonning and radially expanding the second tubular member. 
The inside diameters of the first and second tubular members after tilie plastic defoimations 
and radial expansions are substantially equaL 

An apparatus for forming a wellbore casing within a wellbore has also been 
5 described that includes means for supporting a tubular member within the weUbore, means 
for providing a lipped portion in the tubular member, and means for plastically deforming 
and radially ^q;)anding anoth^ portion of the tubular member to a second outside 
diameter. 

An apparatus for forming a wellbore casing withui a wellbore has also been 

1 0 described that includes a tubular siq>port member including a first fluid passage^ an 
expansion cone coiq>led to tiie tubular support mCTber having a second fluid passage 
fluidicly coiq)led to flie first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first flTmnlar portion coiq)led to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 

1 5 mates with the out^ conical surface of the expansion cone, a third annular poition coi;q>led 
to the second annular portion having a first outside diameter, and a fourth ammlar portion 
coupled to the third annular portion having a second outside diameter, wherein ihc second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coiq)led to fourth annular portion of the expansion cone launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described that 

includes supporting a tubular member within the wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically deforming and radially expanding another 
portion of the tubular member. In a preferred embodimrat, the method further includes 
injecting a hardenable fiuidic sealing material in an annulus betwem die tubular rnmib^ 

25 and the wellbore. M a prefenred embodiment, the method furOier includes curing the 
fluidic sealing mataial. 

A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described that includes supporting a first tubular m^ber within the wellbore, 
providing a lipped portion in a portion of the first tubular member, plastically deforming 

30 and radially expanding another portion of the fiurst tubular member, positioning the second 
tubular member inside the first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and plastically defonning and radially expanding the 
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second tubular member. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the method jRirther includes injecting a hardenable fluidic sealing material in 
an annulus between the first tubular member and the wellbore. In a preferred embodiment, 
S the method fiuther includes curing the fluidic sealing material* hi a preferred embodiment, 
the method further includes injecting a hardenable fluidic sealing material in an annulus 
between the second tubular member and the wellbore. In a preferred mibodiment, the 
method further includes curing the fluidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing wittiin a wellbore has 

1 0 also been described that includes means for providing a lipped portion in the first tubular 
mraiber, means for plastically deforming and radially expanding another portion of the 
first tubular member, means for positioning the second tubular member inside the first 
tubular member in overlapping relation to the lipped portion of flie first tubular member, 
and means for plastically deforming and radially expanding the second tubular member. 

1 5 The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, flie apparatus 
further includes means for injecting a hardenable fluidic sealing material in an aimulus 
between flie first tubular member and the wellbore. In a preferred embodiment, the 
apparatus further includes means for curing the fluidic sealing material. In a preferred 

20 embodiment, the ^paratus further includes means for injecting a hardenable fluidic 

sealing material in an annulus between the second tubular member aiid the wellb Ina 
prefCT:ed mibodiment, the s^paratus further includes means for curing the fluidic sealing 
material. 

An i^paratus for plastically deforming and radially expanding a tubular member 
25 has also been described fhat includes means for plastically deforming and radially 
expanding a first ead of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular memb^. In a preferred embodunent, the 
qsparatus further includes means for anchoring the tubular member during flie radial 
expansion. 

30 An apparatus for plastically deforming and radiaUy expanding a tubular member 

has also been described that includes a tubular support member including a first passage, 
an expansion cone coupled to the tubular support having a second passage fluidicly 
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coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an expandable 
tubular member coiq)led to an end of the annular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fluid passage, 
S and another annular expansion cone movably coupled to the tubular support member. The 
azmular expansion cones are positioned in opposite orientations. In a preferred 
embodimmt, ttie aimular expansion cone is adapted to plastically defonn and radially 
expand a first end of flie expandable tubular member and the other annular expansion cone 
is adapted to plastically deform and radially expand a second end of the expandable 

10 tubular member. In a prefenred embodiment, the apparatus fiirth^ includes an anchoring 
member coiq>led to the tubular support member ad^ted to hold the e3q>andable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first end 
of the tubular member, and plastically defomiing and radially expanding a second end of 

15 the tubular member. In a preferred embodiment, the method finther includes anchoring 
the tubular m^ber during the radial expansion. In a preferred embodiment, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. hi a preferred embodiment, plastically deforming and radially expanding the second 
end of the tubular member includes injecting a fluidic material into the tubular member. 

20 A method of coupling a first tubular memb^ to a second tubular member has also 

been described that includes positioning the second tubular member inside the first tubular 
member in an overlapping relationship, plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular memb^, and 
plastically deforming and radially expanding the remaining portion of the second tubular 

25 member. In a prefenied^ibodimat, the method fiirther includes plasticaUydefo 
and radially expanding at least a portion of the second tubular memb^. hi a prefened 
embodiment, the inside diameters of the fiist and second tubular members are substantially 
equal after the radial e3q)ansions. 

An apparatus for coi^ling a first tubular m^ber to a second tubular maBber has 

30 also been desoribed that includes means for positioning the second tubular member inside 
the first tubular member in an overlapping relationship, means for plastically deforming 
and radially expanding the end of the second tubular m^ber that overlaps with the first 
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tubular member, and means for plastically deforming and radially expanding flie remaining 
portion of the second tubular member. In a preferred embodiment, the apparatus further 
includes means for plastically deforming and radially expanding at least a portion of the 
second tubular member, hi a preferred OTibodiment, the inside diameters of the first and 
5 second tubular members are substantially equal after the radial expansions. 

An sq;>paratus for forming a weUboie casing within a wellbore has also been 
described ftat inchides means for siqpporting a tabular member within the wellbore, means 
for plastically deforming and radially expanding a first end of the tubular member, and 
means for plastically deforming and radially expanding a second end of the tubular 

10 memb^. In a preferred embodimCTt, the q^paratusftirlharincte^ 

&e tubular memb^ during the radial expansion. In a preferred embodiment, the apparatus 
furttier includes means for injecting a haidenable fluidic sealing material into an annulus 
betwera the tubular member and &e wellbore. 

An apparatus for forming a wellbore cashig within a wellbore has also hem 

1 5 described that includes a tubular support member including a first passage, an expansion 
cone coupled to the tubular siq>port having a second passage fluidicly coiq)led to the first 
passage and an outer conical sur&ce, an annular expansion cone launcher movably 
coiq>led to outor conical surface of the expansion cone, an expandable tubular member 
coupled to an end of the annular expansion cone launcher, a shoe coiqpled to another end 

20 of the annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coiq>led to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. In a preferred embodiment, the 
annular expansion cone is ad£q>ted to plastically deform and radially expand a first end of 
the expandable tubular membor and the other annular expansion cone is adapted to 

25 plastically deform and radiaUy expand a second end ofthee)q)andable tubular member. In 
a prefeired embodiment, the apparatus &aAi& includes an anchoring member coupled to 
the tubular siqyport member ad^ted to hold Ike esqpandable tubular. 

A method of forming a wellbore casing within a wellbore has also been described 
that includes plastically deforming and radially expanding a first end of the tubular 

30 membo*, and plastically deforming and radially expanding a second aid of the tubular 
member. In a preferred embodiment, the method fiirther includes anchoring the tubular 
memb^ during the radial expansion. In a preferred embodiment, the first end of the 
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tubular member is plastically deformed and radially expanded before ttie second end. In a 
preferred embodiment, plastically deforming and radially expanding the second end of the 
tubular member includes iajecting a fluidic material into the tubular member. In a 
preferred embodiment, tiie method further includes injecting a hardenable fluidic sealing 
5 material into an annulus between the tubular member and the wellbore. 

A me&od of forming a wellbore casing witbin a wellbore has also been described 
that includes plastically deforming and radiaUy e3q>anding a first tubular memb^ within 
the wellbore, positioning a second tubular member inside the fibrst tubular mraiber in an 
overlapping relationshq>, plastically deforming and radially expanding the md of the 

1 0 second tubular member that ov^ps with tiie first tubular member, plastically deforming 
and radially expanding the remaining portion of the second tubular member. In a preferred 
embodiment, the metiiod furth^ includes plastically deforming and radially expanding at 
least a portion of the second tubular member. In a prefenred embodimrat, the inside 
diameters of the first and second tubular members are substantially equal after the radial 

1 S expansions, hi a preferred embodiment, the metiiod further includes injecting a hardenable 
fluidic sealing material into an annulus between the first tubular member and the wellbore. 
hi a preferred embodiment, the method further includes injecting a hardenable fluidic 
sealing material into an annulus between the second tubular member and the wellbore. 
An ^aratus for forming a wellbore casing within a wellbore has also been 

20 described that includes means for plasticaUy deforming and radially expanding a first 
tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular memb^ in an overlapping relationship, means for plastically 
deforming and radially e^anding the end of the second tubular member ttiat overlaps with 
the first tubular member, means for plastically deforming and radially expanding the 

25 remaining portion ofthe second tubular member. In a preferred embodiment, the 

appdiatus furtfier includes means for plastically deforming and radially e3q>anding at least 
a portion ofthe second tubular member, hi a prefenred embodiment, the inside diameters 
of the first and second tubular members are substantially equal after the radial expansions. 
In a preferred onbodiment, the apparatus fiirther includes means for injecting a 

3 0 hardenable fliiidic sealing material into an annulus between tiie fiorst tubidar member and 
the wellbore. hi a preferred embodiment, the apparatus further includes means for 
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injecting a hardenable fluidic sealing material into an annulus between the second tubular 
member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes means for supporting a tubular 
5 member in overlapping relation to the opposing ends of the wellbore casings, means for 
plastically definming and radially expanding the tubular member, and means for plastically 
deforming and radially e^qpanding the tubular member and the opposing ends of the 
wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
1 0 within a wellbore has also been described that includes supporting a tubular memb^ in 
overlapping relation to the opposing mds of the wellbore casings, plastically deforming 
and radially expanding the tubular memba, and 

plastically defonning and radially expanding the tubular member and the opposing ends of 
the wellbore casings. 

IS A method of forming a structure having desired strength characteristics has also 

been described that includes providing a first tubular member, and plastically deforming 
and radially e^qianding additional tubular members onto the interior surface of the first 
tubular mCTiber until the desired strength charactoistics are achieved 

A method of fonning a wellbore casing within a wellbore having desired strength 

20 characteristics has also been described that includes plastically defomiing and radially 
e:q>anding a first tubular member within the wellbore, and plastically deforming and 
radially ^cpanding additional tubular memb^ onto the interior surface of the first tubular 
member until the desired strength characteristics are achieved. 

A method of coiq>ling a first tubular member to a second tubular member, the first 

2 S tubular member having an original outside diameter ODq and an original wall tiiiciaiess to, 
has also been described that includes plastically defonning and radially expanding a first 
poxtion of the first tubular member to a first outside diameter, plastically defomiing and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning die second tubular mCTiber inside the first tubular member in 

30 overl^ping relation to the first portion of the first tubular member, plastically defomiing 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
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outside diameter, wherein the inside diameters of the first and second tubular members 
after the plastic defomiations and radial expansions are substantially equal, and 
wherein the ratio of the original outside diameter ODo of the first tubular memba: to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 
S A method of forming a mono-diameter wellbore casing has also been described 

that includes positioning a first tubular member within a wellbore, &e first tubular member 
having an original outside diameter ODo and an original wall thickness t^, plastically 
deforming and radially e^anding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of tiie first 

10 tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourtii outside diameter. The inside diameters of the first and second 

1 5 tubular members after the plastic deformations and radial expansions are substantially 
equal, and wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or equal 
to 16. 

An q)paratU5 has also been described that includes a plastically deformed and 
20 radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, whmin the ratio of the original 
outside diameter ODq of the first tubular memb^ to the original wall thickness to of the 
first tubular member is greater than or equal to 16. 

An s^aratus has also been described that includes a plastically deformed and 
25 radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion of the 
first tubular member. The ratio of the original outside diameter ODo of the first tubular 
member to tiie original wall thickness to of the first tubular mmiber is greater than or equal 
30 to 16. b a preferred embodiment, the inside diameters of the first and second tubular 
members are substantially equal. 
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A wellbore casing fonned in a wellbore has also been described that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside diameter, 
and a plastically deformed and radially expanded second tubular member coupled to the 
5 first portion oftfae first tubular member. The ratio of the original outside diamet^ ODq of 
the first tubular member to the original wall thickness of the first tabular member is 
greaterthanorequalto 16. In a preferred embodiment, the inside diam^ers of the first 
and second tubular membm are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
10 radially expanded tubular member, hi a preferred embodiment, the ratio of the original 
outside diameter OD^ of the tubular member to the original wall thickness to of the tubular 
manber is greater than or equal to 16. 

hi several alternative embodiments, the methods and ^aratus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and structural 
15 supports. 

Althougji this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
20 Accordingly, it is £q>propriate that readers should constme the appended claims broadly, 
and in a manna: consistmt with the scope of tiie invention. 
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Claims 

What is claimed is: 

11. An apparatus for plastically defonning and radially expanding a tubular member, 

2 conq)rising: 

3 means for plastically deforming and radially expanding a first portion of ttie tabular 

4 member to a first outside diameter, and 

5 means for plastically defonning and radially e3q)anding a second portion of the 

6 tubular member to a second outside diametCT. 

1 2. The apparatus ofclaimUwhsrdn the first outside diameter is greater than the 

2 second outside diameter. 

1 3. The apparatus of claim 1, wherdn the means for plastically deforming and radially 

2 e^anding the first portion of tiie tubular m^ber to the first outside diameter is 

3 removable. 

1 4. The apparatus of claim 1, wherein the means for plastically deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter is frangible. 

1 S. The apparatus of claim 1 , wherein the means for plastically deforming and radially 

2 e:q>anding the first portion of the tubular member to the first outside diameter is elastic. 

1 6. The ^aratus of claim 1, wherem the means for plastically defonning and radially 

2 expanding the first portion of the tubular member to the first outside diameter comprises 

3 means for applying a radial force to the first portion of the tubular member. 

1 7. The apparatus of claim 1, wherein the means for plasticaUy deform^ 

2 expanding the first portion of the tubular member to the first outside diameter is inflatable. 

1 8. The apparatus ofclaiml, wherein the means for plasticaUy deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter includes 

3 rolling means for applying radial pressure to the first portion of the tubular member. 
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19. An apparatus for plastically defonning and radially expanding a tabular member, 

2 comprising: 

3 a tubular siqpport monber including a first fluid passage; 

4 an expansion cone coupled to the tubular support memb^ having a second fluid 

5 passage fiuidicly coqpled to tiie first fhnd passage and an outer conical 

6 surface; 

7 a removable annular conical sleeve coupled to &e outer conical surface of fhe 

8 expansion cone; 

9 an annular expansion cone launcher coiq)led to the conical sleeve and a lower 

10 portion of the tubular monber; and 

11 a shoe having a valveable passage coupled to an end of the expansion cone 

12 launcher. 

1 10. The 2q)paratus of claim 9, wherein the conical sleeve is frangible, 

I 11. The s^aratus of claim 9, wherein the conical sleeve is elastic. 

1 12. The apparatus of claim 9, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 13. A method ofplasticaUy deforming and radially expanding a tubular member, 

2 conqyrising: 

3 plastically deforming and radially expanding a portion of the tubular member to a 

4 first outside diametei^ and 

5 plastically deforming and radially expanding anoth^ portion of the tubular member 

6 to a second outside diameter. 

1 14. The method of claim 13, wherein the first diameter is greater than the second 

2 diameter. 
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1 15. The method of claim 13, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
1 16. The method of claim 15, wherein the conical sleeve is frangible. 

1 17. The metiiod of clahn 15, wherein tfie conical sleeve is elastic. 

1 18. The method of claim 15, wherein the conical sleeve conqmses a plurality of 

2 arcuate elements. 



1 19. TTie method of claim 13, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 q>plying a radial force to the portion of the tubular member using an inflatable 

4 bladder. 

1 20. The method of claim 13, \^erdn plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 appl:^g a radial force to the portion of tiie tubular member using a roller 

4 expansion device. 

121. A method of coupling a first tubular member to a second tubular memb^, 

2 comprising: 

3 plastically deforming and radially e3q>anding a first portion of the first tubular 

4 member to a first outside diameter 

5 plastically deforming and radially e3q[>anding another portion of the first tubular 

6 member to a second outside diameter, 

7 positioning the second tubular memb^ inside the first tubular member in 

8 overliving relation to tihe first portion of the first tubular member, 

9 plastically deforming and radially expanding the second tubular memb^ to a third 
10 outside diameter; and 
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1 1 plastically deforming and radially expanding the second tubular member to a fourth 

12 outside diameter; 

13 wherein the inside diameters of the first and second tubular members after the 

14 plastic deformations and radial expansions are substantially equaL 

1 22. The method of claim 21, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 23. The method ofclaim 21, wherein plasticaUydefonning and radiaUyexpandm 

2 first portion of the first tubular member comprise: 

3 Bpplyiag a radial force to the portion of the tubular member using a conical sleeve. 
1 24. The method ofclaim 23, wherem the conical sleeve is fi:angible. 

1 25. The method of claim 23, wherein the conical sleeve is elastic. 

1 26. The method of claim 23, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 27. The method of claim 21 , wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member conq)rises: 

3 ^lymg a radial force to the first portion of the first tubular member using an 

4 inflatable bladder. 

1 28. Ilie method ofclaim 21, wheremplasticaUydefonning and radiaUy expand]^ 

2 first porticm of flie first tubular memb^ comprises: 

3 ^plying a radial force to the first portion of fiie first tubular member using a roller 

4 expansion device. 

1 29. An apparatus for coiqpUng a first tubular member to a second tubular member, 

2 comprising: 
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3 means for plastically deforming and radially e3q)anding a first portion of the first 

4 tubular member to a first outside diameter, 

5 means for plastically deforming and radially expanding another portion of the first 

6 tubular m^ber to a second outside diameter; 

7 means for positioning the second tubular member inside the first tubular member in 

8 overl£q>ping relation to the first portion of the first tubular memben 

9 means for plastically defomiing and radially expanding the second tubular member 

10 to a third outside diameter; and 

1 1 means for plastically deforming and radially expanding the second tubular member 

12 to a fourth outside diameter; 

13 wherein the inside diameters of the first and second tubular members after the 

14 plastic deformations and radial expansions are substantially equal. 

1 30. The ^paratus of claim 29, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 31. The q>paratus of claim 29, wherein the means for plastically deforming and 

2 radially e^anding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the portion of the tubular member using a 

4 conical sleeve. 

1 32. The ^aratus of claim 3 1 , wherein the conical sleeve is fiangible. 

1 33. The ^aratusofclaim 31, wherein the conical sleeve is elastic. 

1 34. The q>paratus of claim 31, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 35. The apparatus of claim 29, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 
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1 36, The q)paratus of claim 29, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member con^rises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using a roller expan^on device. 
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1 37. An jq^rparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for plasticaUy deforming and radially expanding a first portion of the tubular 

4 member to a first outside diameter; and 

5 means for plastically deforming and radially expanding a second portion of the 

6 tubular m^ber to a second outside diameter. 

1 38. llie^aratusof claim 37, wherein the first outside diameter is greater than 1^^ 

2 second outside diameter. 

1 39. The qyparatusofclaim 37, herein ihe means for plasticaUy deforining and 

2 radially expanding fhe first portion of tfie tubular member to fhe first outside diameter is 

3 removable. 

1 40. The ^paratus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 firangible. 

1 41 . The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 elastic. 

1 42. The ^paratus of claim 37, wherem the means for plastically deforming and 

2 radially expanding Ae first portion of fhe tubular member to the first outside diameter 

3 comprises means for applying a radial force to ibe first portion of the tubular member. 

1 43. The ^aratus of claim 37, wherein tfie means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 inflatable. 

1 44. The ^paratus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter 
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comprises rolling means for applying radial pressure to the first portion of the tubular 
member. 



1 45. The apparatus of claim 37, further comprising: 

2 means for forming an annular body of a fluidic sealing material within an annulus 

3 between the tubular member and fhe wellbore. 

1 46. An q>paratus for fonniiig a weUbore casing within a wellbore, conq) 

2 a tubular siqjport member including a first fluid passage; 

3 an expansion cone coupled to the tubular support member having a second fluid 

4 passage fluidicly coiq>led to the first fluid passage and an outer conical 

5 sur&ce; 

6 a r^ovable annular conical sleeve coupled to the outer conical surface of the 

7 expansion cone; 

8 an annular expansion cone launcher coupled to the conical sleeve and a lower 

9 portion of the tubular member; and 

10 a shoe having a valveable passage coupled to an end of the expansion cone 

1 1 launcher. 

1 47. The ^aratus of claim 46, wherein the conical sleeve is fiangible. 

1 48. The ^aratusofclaim 46, whereui the conical sleeve is elastic. 

1 49. The apparatus of claim 46, wherein tibe conical sleeve comi^ses a plurality of 

2 arcuate elements. 

1 SO. A method of forming a wellbore casing within a wellbore, comprising: 

2 siq>porting a tubular m^nber within a wellbore; 

3 plastically deforming and radially expanding a portion of the tubular member to a 

4 first outside diameter; and 

5 plastically deforming and radially expanding another portion of the tubular member 

6 to a second outside diameter. 
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1 5 L The me&od of claim SO, wherein the first diameter is greater than the second 

2 diameter. 

1 52. The method of claim SO, \^erein plastically deforming and radially expanding the 

2 portion of the tubidarmonberconqmses: 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
1 53. The method ofclaim 50, wherein the conical sleeve is frangible. 

1 54. The method of claim 50, wherein the conical sleeve is elastic. 

1 55. The method of claim 50, wherein the conical sleeve conqirises a plurality of 

2 arcuate elmotents. 

1 56. The method of claim SO, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 q>plying a radial force to the portion of the tubular member using an inflatable 

4 bladder. 

1 57. The method of claim SO, wherein plastically deforming and radially expanding the 

2 portion of the tubular mmber comprises: 

3 applying a radial force to the portion of the tubular member using a roller 

4 expansion device. 

1 58. Themediodof claim50,frirtherconq>rising: 

2 injecting an annular body of a hardenable fluidic sealing material into an annuhis 

3 between the tubular member and the wellbore. 

1 59. The method of claim 58, further comprising: 

2 curing the annular body of hardenable fluidic sealing material. 
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1 60. A method of forming a mono-diameter wellbore casing within a wellbore, 

2 comprising: 

3 supporting a first tubular member within the wellbore; 

4 plastically defonning and radially expanding a first portion of the first tubular 

5 member to a first outside diameter; 

6 plastically defonning and radially expanding another portion of the first tubular 

7 mCTib^ to a second out^de diameter; 

8 positioning the second tubular member inside the first tubular member in 

9 overl^ping relation to the first portion of the first tubular member; 

1 0 plastically deforming and radially landing the second tubular member to a third 

1 1 outside diameten and 

12 plastically defomiing and radially expanding the second tubular member to a fourfli 

13 outside diamet^ 

14 wherein the inside diameters of the first and second tubular members after Ifae 

1 5 plastic deformations and radial expansions are substantially equal. 

1 61. The method of claim 60, wherein the first outside diameter is greater than tiie 

2 second outside diameter. 

1 62. The method of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member con^rises: 

3 applying a radial force to the portion of the tubular memb^ usmg a conical sleeve. 
1 63. The method ofclaim 62, wherein tiie conical sleeve is firangible. 

1 64. The metiiod of claim 62, wherein the conical sleeve is elastic. 

1 65. Hie method of claim 62, wherein the conical sleeve conqmses a plurality of 

2 arcuate elements. 

1 66. The me&od of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 
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3 applying a radial force to ihe first portion of the first tubular member using an 

4 inflatable bladder. 

1 67. The method of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 ^plying a radial force to the first portion of the first tubular member using a roller 

4 e)q)ansion device. 

1 68. The method of claim 60, fiirther conqmsing: 

2 inj ecting an annular body of a hardenable fluidic sealing material into an annulus 

3 between the first tubular member and the wellbore. 

1 69. The method of claim 68, Anther coiEq>ri5ing: 

2 curing the annular body of hardenable fluidic sealing material. 

3 70. The method of claim 60, fiirther comprising: 

4 injecting an annular body of a hardenable fluidic sealing material into an aimulus 

5 between the second tubular member and the wellbore. 

1 71. The method of claim 70, fiirther comprising: 

2 curing the annular body of hardenable fluidic sealing material. 

1 72. An apparatus for coupling a first tubular memb^ to a second tubular member, 

2 comprising: 

3 means for plastically deforming and radially expanding a first portion of the first 

4 tubular mmiber to a first outside diameter, 

5 means for plastically deforming and radially expanding anoflier portion of the first 

6 tubular monba: to a second outside diameter 

7 means for positioning the second tubular member inside the first tubular member in 

8 overlapping relation to fhc first portion of the first tubular member, 

9 means fi>r plastically deforming and mdially expanding ttie second tubular member 
10 to a third outside diameter; and 
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1 1 means for plastically defonning and radiaUy expanding the second tubular member 

12 to a foiurth outside diameter, 

13 wherein the inside diameters of the first and second tubxilar members after the 

14 plastic deformations and radial expansions are substantially equal. 

1 73. The ^aratusofclaim 72, wherein the fbrst outside diameter is greater 

2 second outside diameter. 

1 74. The qiparatusofclaim 72, herein the means for plasticaUy deforming and 

2 radially expanding the first portion of the first tabular member comprises : 

3 means for applying a radial force to the portion of the tubular member using a 

4 conical sleeve. 

1 75. The apparatus of claim 74, wherein Ihe conical sleeve is firangible. 

1 76. The ^aratus of claim 74, wherein ttie conical sleeve is elastic. 

1 77. The ^paratus of claim 74, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 78. The ^paratus of claim 72, wherein die means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for ^plying a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 

1 79. The ^paratusofclaim 72, wherem the means for plastically deforming and 

2 radially esqpanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the fiirst portion ofthe first tubular membCT 

4 using a roller expansion device. 

1 80. The ^paratus of claim 72, furtho: comprising: 
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means for injecting an aminlar body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 



1 81. The ^paratus of claim 80, further conq)rising: 

2 means for curing the annular body of hard^iable fluidic sealing material. 

3 82. The ^aratus of claim 72, fiirther comprising: 

4 means for iigecting an annular body of a hardenable fluidic sealing material into an 

5 annulus between the second tubular member and the wellbore. 

1 83. The apparatus of claim 82, further comprising: 

2 means for curing the annular body of hardenable fluidic sealing material. 
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1 84. An apparatus for plastically defonmng and radially expanding a tabular member, 

2 comprising: 

3 means for providing a lipped portion in a portion of the tubular member; and 

4 means for plastically defomung and radially expanding another portion of the 

5 tubular member. 

1 85. An apparatus for plasticaUy deforming and radiaUye3q[)anding a tubular m»u^ 

2 comprising: 

3 a tubular siqiport member mchiding a first fluid passage; 

4 an expansion cone coupled to the tubular support member having a second fluid 

5 passage filuidicly coiq>led to tiie first fluid passage and an outer conical 

6 sur&ce; 

7 an annular expansion cone launcher comprising: 

8 a first annular portion coupled to a lower portion of the tubular memb^ 

9 a second annular portion coupled to the first annular portion that mates with 

10 tiie outer conical surfece of the mansion cone; 

11 a third annular portion coupled to the second annular portion having a first 

12 outside diameter; and 

13 a fourth annular portion coiq)Ied to the third annular portion having a 

1 4 second outside diameter; 

1 5 wherein the second outside diameter is less than die first outside diameter, 

16 and 

17 a shoe having a valveable passage coi^led to fourdi annular portion of the 

1 8 e}q)ansion cone launcher. 

1 86. A method ofplasticaUy defonmng and radially expanding a tabular member, 

2 comprising: 

3 providing a lipped portion in a portion of the tubular mmiber, and 

4 plastically defomiing and radiaUy expanding another portion of the tubular 

5 member. 
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1 87. A method of coi5)ling a first tubular member to a second tubular member, 

2 comprising: 

3 providing a lipped portion in a portion of the first tubular member; 

4 plastically deforming and radially expanding another portion of the first tubular 

5 member, 

6 positioning the second tubular member inside the first tubular mesnbex in 

7 ov^Is^ing relation to the lipped portion of the first tubular member, and 

8 plastically deforming and radially expanding the second tubular member, 

9 wherein flie inside diameters of die first and second tubular members after ttie 
1 0 plastic defonnations and radial expansions are substantially equal. 

1 88. An ^aratus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for providing a lipped portion in the first tubular member; 

4 means for plastically defoiming and radially e3q)anding another portion of the first 

5 tubular member; 

6 means for positioning the second tubular member inside the first tubular member in 

7 ovCTl£q)ping relation to the lipped portion of the first tubular member; and 

8 means for plastically deforming and radially expanding the second tubular 

9 member; 

1 0 wherein the inside diameters of the first and second tubular members after the 

1 1 plastic deformations and radial expansions are substantially equal. 

1 89. An ^paratus for forming a wellbore casing within a wellbore, conq>rising: 

2 means for sqpportmg a tubular member witiiin the wellbore; 

3 means for providing a lipped portion in the tubular m&nobery and 

4 means for plastically deforming and radially e^anding another portion of the 

5 tubular member to a second outside diameter. 

6 90. An apparatus for forming a wellbore casing within a wellbore, conq)rising: 

7 a tubular support member including a first fluid passage; 
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8 an expansion cone coiq)led to the tubular support member having a second fluid 

9 passage fluidicly coupled to the first fluid passage and an outer conical 

10 surface; 

11 an annular expansion cone launcher comprising: 

1 2 a first annular portion coupled to a lower portion of the tubular member, 

13 a second annular portion coiq)led to the first annular portion that mates with 

14 the outer conical sur&ce of tfie expansion cone; 

15 a third annular portion coijpled to the second annular portion having a first 

16 outside diameter; and 

17 a fourth annular portion coupled to the third annular portion having a 

1 8 second outside diameter, 

19 wherein the second outside diameter is less than the first outside diametei^ 

20 and 

21 a shoe having a valveable passage coupled to fourth annular portion of the 

22 expansion cone launcher. 

1 91. A method of fonning a wellbore casing in a wellbore, comprising: 

2 supporting a tubular member within flie wellbore; 

3 providing a lipped portion in a portion of the tubular member; and 

4 plastically deforming and radially expanding another portion of the tubular 

5 member. 

1 92. The method of claim 91 , further comprising: 

2 injecting a hardenable fluidic sealing material in an annulus between Uxo tubular 

3 member and the wellbore. 

1 93. The method of claim 92, fiulher comprising: 

2 curing the fluidic sealing matmal. 

1 94. A method of forming a mono-diameter wellbore casing within a wellbore, 

2 comprising: 

3 supporting a first tubular member within the wellbore; 
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4 providing a lipped portion in a portion of the first tubular member; 

5 plastically deforming and radially expanding another portion of the first tubular 

6 member; 

7 positioning the second tubular member inside the first tubular member in 

8 overlqjping relation to the lipped portion of the first tubular member; and 

9 plastically deforming and radially expanding the second tubular member; 

1 0 wherdbu the inside diameters of the first and second tubular members after tiie 

1 1 plastic deformations and radial e?q>ansions are substantially equal. 

1 95. The method ofclaim 94, further comprising: 

2 inj ecting a hard^iable fhddic sealing material in an annulus between tiie first 

3 tubular member and the wellbore. 

1 96. The mettiod of claim 95, further comprising: 

2 curing the fluidic sealing material. 

3 97. The method of claim 94, further comprising: 

4 injecting a hardenable fluidic sealing material in an aimulus between tiie second 

5 tubular member and the wellbore. 

1 98. The method of claim 97, further comprising: 

2 curing the fluidic sealing material. 

1 99. An iq)paratus for fonning a mono-diameter wellbore casing within a wellbore^ 

2 coniprising: 

3 means for providing a lipped portion in the first tubular mranber; 

4 means for plastically deforming and radially expanding another portion of the first 

5 tubular member; 

6 means for positioning the second tubular member inside the first tubular member in 

7 overlqyping relation to the lipped portion of the first tubular member; and 
g means for plastically deforming and radially expanding the second tubular 

9 member; 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



1 1 00. The ^paratus of claim 99, further comprising: 

2 means for injecting a hardenable fluidic sealing material in an annulus between the 

3 first tubular member and the wellbore. 

1 101. The s^aratus of claim 100, further conqmsing: 

2 means for curing the fluidic seahng material. 

1 102. The q>paratus of claim 99, further comprising: 

2 means for injecting a hardenable fluidic sealing material in an annulus between the 

3 second tubular memb^ and the wellbore. 

1 103. The apparatus of claim 102, further comprising: 

2 means for curing the fluidic sealing material. 
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1 1 04. An apparatus for plastically deforming and radially e3q)anding a tubular member, 

2 comprising: 

3 means for plastically deforming and radially expanding a first end of the tubular 

4 member; and 

5 means for plastically deforming and radially expanding a second end of the tubular 

6 member. 

1 I OS. The ai^aratus of claim 104, further comprising: 

2 means for anchoring the tubular member during the radial expansion. 

1 1 06. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 a tubular siq>port member including a first passage; 

4 an expansion cone coupled to the tubular support having a second passage fluidicly 

5 coupled to the first passage and an outct conical sur&ce; 

6 an annular expansion cone launcher movably coupled to outer conical surface of 

7 the expansion cone; 

8 an expandable tubular member col^>led to an end of the annular expansion cone 

9 launcher; 

10 a shoe coiq>led to another end of the amiular expansion cone launcher having a 

1 1 valveable fluid passage; and 

12 another annular expansion cone movably coupled to the tubular support member, 

1 3 wherein the annular expandon cones are positioned in opposite ori mtations. 



1 107. The ^paratus of claim 106, wherein the annular eiqsansion cone is ad^ted to 

2 plasticaUy deform and radially expand a first end of the e^^andable tubular member and 

3 the other amiular expansion cone is adapted to plastically deform and radially expand a 

4 second end of the e}q>andable tubular member. 

1 108. The apparatus of claim 106, further conq>rising: 

2 an anchoring member coupled to the tubular support member adapted to hold the 

3 expandable tubular. 
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1 1 09, A method of plastically defonning and radially expanding a tubular memb^, 

2 comprising: 

3 plastically deforming and radially expanding a first end of the tubular member; and 

4 plastically defonning and radially expanding a second end of the tubular member. 

1 1 10. The method of claim 109, further comprising: 

2 anchoring flie tubular mmiber during tibie radial expansion. 



1 111. The mettiod of claim 109, wheremOte first end ofthe tubular member is plastically 

2 deformed and radially expanded before the second end. 

1 1 12. The mettod of claim 109, plastically deforming and radially expanding the second 

2 end of the tubular memb^ conq>rises injecting a fluidic material into the tubular member. 



1 113. A method of coupling a first tubular m^ber to a second tubular meniber, 

2 comprising: 

3 positioning the second tubular member inside the first tubular member in an 

4 overlapping relationship; 

5 plastically deforming and radially expanding the ^id of the second tubular member 

6 that overlaps with the first tubular memb^ 

7 plastically defonning and radially expanding the remaining portion of tibie second 

8 tubular member. 

1 1 14. The method of claim 1 13, fiirtfa^ conqnising: 

2 plastically deforming and radially e3q[)andiDg at least a portion of flie second tubular 

3 member. 



1 1 IS. The method of claim 1 14, wherein the inside diameters of flie first and second 

2 tubular members are substantially equal after fiie radial expansions. 
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1 116. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for positioning the second tubular member inside the first tubular member in 

4 an overlapping relationship; 

5 means for plastically deforming and radially expanding the end of the second 

6 tubular member that overl^s with the first tubular member; 

7 means for plastically deforming and radially expanding the remaining portion of 

8 the second tubular memb^. 

1 1 17. The apparatus of claim 1 16, further comprising: 

2 means for plastically deforming and radially expanding at least a portion of the 

3 second tubular member. 



1 118. The apparatus of claim 117, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial expansions. 



1 119. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for plastically defomiing and radially expanding a first end of the tubular 

4 member, and 

5 means for plastically deforming and radially expanding a second end of the tubular 

6 member. 

1 120. The apparatus of claim 119, furdier comprising: 

2 means for anchoring the tubular memher during the radial expansion. 

1 121 . The apparatus of claim 119, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 the tubular member and the wellbore. 

1 122. An sppanitus for fonning a wellbore casing within a wellbore, coinprisiiig: 

2 a tubular siq>port m^nber including a first passage; 
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3 an expansion cone coupled to the tubular support having a second passage fluidicly 

4 coupled to the first passage and an outer conical surface; 

5 an annular expansion cone launcher movably coupled to outer conical surface of 

6 the expansion cone; 

7 an expandable tubular m^ber coupled to an end of the annular expansion cone 

8 launches 

9 a shoe coupled to another end of the annular expansion cone launch^ having a 

1 0 valveable fluid passage; and 

1 1 anoflier annular expansion cone movably coupled to the tubular support member 

12 wherein the annular e3q)ansion cones are positioned in opposite orientations. 

1 123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 

2 plastically deform and radially expand a fbnst end of the expandable tubular member and 

3 the other annular e?q)ansion cone is adq)ted to plastically deform and radially expand a 

4 second end of the expandable tubular mCTiber. 

1 124. The apparatus of claim 122, further comprising: 

2 an anchoring member coupled to the tubular support member adapted to hold the 

3 expandable tubular. 

1 1 25. A method of forming a wellbore casing within a wellbore, comprising: 

2 plastically defoiming and radially expanding a first end of the tubular memb^; and 

3 plastically deforming and radially expanding a second end of the tubular memb^. 

1 126. The method of claim 125, finlber con^>rising: 

2 anchoring the tubular member during the radial expansion. 

1 127. The method of claim 125, wherein the first end of ttie tubular member is plastically 

2 deformed and radially expanded before the second end. 

1 128. The method of claim 125, plastically deforming and radially expanding the second 

2 end of the tubular member comprises injecting a fluidic material into the tubular member. 
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1 129. The method of claim 125, further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the tubular 

3 member and fixe wellbore. 

1 130. A method of forming a wellbore casing within a wellbore, comprising: 

2 plastically defonning and radially expanding a first tubular member within the 

3 wellbore; 

4 positioning a second tubxdar member inside the first tubular member in an 

5 overlapping relationship; 

6 plastically deforming and radially expanding the end of the second tubular member 

7 that overlaps wifli the first tubular member; 

8 plastically defonning and radially expanding the remaining portion of the second 

9 tubular member. 

1 131. The method of claim 130, fiirther comprising: 

2 plastically defonning and radially expanding at least a portion of the second tubular 

3 member. 

1 132. The method of claim 131, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial expansions. 



1 133. The method of claim 130, further comprising: 

2 injecting a hardenable fluidic sealing mat^al into an annulus between the first 

3 tubular m^ber and the wellbore. 

1 134. The method of claim 130, further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the second 

3 tubular member and the wellbore. 

1 135. An apparatus for fonning a wellbore casing within a wellbore, conq)risiiig: 
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2 means for plastically deforming and radially expanding a first tubular member 

3 within the wellbore; 

4 means for positioning the second tubular member inside the first tubular member in 

5 an overlapping relationship; 

6 means for plastically deforming and radially expanding the end of the second 

7 tubular member that overlq)s wi& tbe first tubular member 

8 means for plastically deforming and radially e}q>anding the remaining portion of 

9 the second tubular member. 

1 136. The ^paratus of claim 135, further comprising: 

2 means for plastically deforming and radially e3q>anding at least a portion of the 

3 second tubular member. 

1 137. Theapparatusof claim 136, wherem the inside diameters of the first and second 



2 tubular members are substantially equal after the radial expansions. 



1 138. The apparatus of claim 135, fiirther comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 the first tubular member and the wellbore. 

1 139. The apparatus of claim 135, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 file second tubular member and the wellbore. 
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1 140. An ^paratus for bridging an axial g^ between opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 means for supporting a tubular member in overlapping relation to the opposing 

4 ends of the wellbore casings; 

5 means for plastically deforming and radially expanding tiie tubular member; and 

6 means for plastically defomiing and radially expanding the tubular member and the 

7 opposing ends of tibe wellbore casings. 

1 141 . A method of bridging an axial gq> hctwem opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 supporting a tubular memb&c in overlapping relation to the opposing ends of the 

4 wellbore casmgs; 

5 plastically deforming and radially e]q)anding the tubular member; and 

6 plastically defi3maing and radially expanding the tubular memb^ and the opposing 

7 ends of the wellbore casings. 
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1 142. A method of forming a striK^tureh^^ 

2 comprising: 

3 providing a first tubular member; and 

4 plastically deforadng and radially expanding additional tubular members onto the 

5 interior surface of the first tubular member until the desired strength 

6 characteristics are achieved. 

1 1 43. A method of forming a wellbore casing within a wellbore having desired strength 

2 characteristics^ conqxrising: 

3 plastically defomiing and radially expanding a first tubular member within the 

4 wellbore; and 

5 plastically deforming and radially e;q>anding additional tubular members onto the 

6 interior surface of the first tubular member until fiie desired strength 

7 characteristics are achieved. 
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1 1 44. A method of coupling a first tubular memb^ to a second tubular member, the first 

2 tubular memb^ having an original outside diameter ODq and an original wall thickness tf^ 

3 comprising: 

4 plastically defomiing and radially expanding a first portion of the first tubular 

5 member to a first outside diameter; 

6 plastically defomiing and radially expanding another portion of the first tubular 

7 memb^ to a second outside diameter; 

8 positioning the second tubular member inside the first tubular member in 

9 ov&clappmg relation to the first portion of the first tubular member; 

1 0 plastically deforming and radially e3q>anding the second tubular member to a third 

11 outside diamet^; and 

12 plastically defcuming and radially expanding the second tubular member to a fourth 

1 3 outside diameter; 

14 wherein the inside diameters of the fiist and second tubular members after the 

1 5 plastic defomiations and radial expansions are substantially equaU and 

1 6 i^erein the ratio of the original outside diameter ODq of the first tubular member 

17 to tiie original wall ttiickness to of flie first tubular member is greater than or 
IS equal to 16. 

1 145. A method of forming a mono-diameter wellbore casing, comprising: 

2 positioning a first tubular member within a wellbore, the first tubular member 

3 having an original outside diameter ODq and an original wall thickness to; 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter 

6 plastically deforming and radially expanding another portion of tiie first tubular 

7 member to a second outside diameten 

8 positioning the second tubular member inside the first tubular member in 

9 overli^ping relation to the first portion of tiie first tubular member; 

1 0 plastically defomung and radially expanding the second tubular mmiber to a third 

1 1 outside diameten and 

12 plastically deforming and radially e}qpanding tiie second tubular member to a fourth 

13 outside diameter; 
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14 wherein ttie inside diameters of the first and second tubular members after the 

15 plastic deformations and radial expansions are substantially equal; and 

16 wherein the ratio of the original outside diameter ODq of the first tubular member 

17 to the original wall thickness t© of the first tubular member is greater than or 

18 equal to 16. 

1 146. An q)paratus, comprising: 

2 a plastically defomied and radially expanded tubular memb^ having a first portion 

3 having a first outside diamet^ and a remaining portion having a second 

4 outside diameten 

5 wherein the ratio of the original outside diameter ODq of the first tubular member 

6 to the original wall thickness to of the first tubular manber is greater than or 

7 equal to 1*6. 

1 147. An apparatus, comprising: 

2 a plastically deformed and radially expanded first tubular member having a first 

3 portion having a first outside diameter and a remaining portion having a 

4 second outside diameter; and 

5 a plastically deformed and radially expanded second tubular member coupled to 

6 the first portion of the first tubular member, 

7 wherein the ratio of the original outside diameter ODq of the first tubular member 

8 to the original wall thickness t^ of the first tubular member is greater than or 

9 equal to 16. 

1 148. The apparatus of claim 147, wherein the inside diameta:s of the first and second 



2 tubular members are substantially equal. 

1 149. A wellbore casing formed in a wellbore, conq>rising: 

2 a plastically deformed and radially expanded first tubular member having a first 

3 portion having a first outside diameter and a remaining portion having a 

4 second outside diameter, and 
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5 a plasticaUy defoimed and radially expanded second tubular member coiq>led to 

6 the first portion of the first tubular member; 

7 wherein the ratio of the original outside diameter ODq of the first tubular member 

8 to tiie original wall thickness of the first tubular member is greater than or 

9 equal to 16. 

1 1 50. The casing of claim 149, wherein the inside diameters of the first and second 

2 tubular members are substantially equal. 

1 151. An apparatus, conq>rising: 

2 a plastically deformed and radially expanded tubular memb^; 

3 wherein the ratio of the original outside diameter ODq of the tubular memb^ to the 

4 original wall thickness t^) of the tubular member is greater than or equal to 

5 16. 
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AMENDED CLAIMS 

[received by the fotemational Bureau on 04 March 2002 (04.03.02); 
new claims 1S2-1S9 added; remaining claims unchanged (S pages)] 



1 150. The casmg of claim 149, wherein the inside diameters of the first and second 

2 tubular members are substantially equal. 

1 151. An apparatus, comprising: 

2 a-plastically deformed and radially expanded tubular member; 

3 wherein the ratio of the original outside diameter ODq of the tubular member 

4 to the origmal wall thickness to of the tabular member is greater than or 

5 equal to 16. 

1 152. (New) An q>paratas for plastically deforming and radially expanding a tubular 

2 memfo^, comprising: 

3 means for coupling a j5rst expansion cone to a second expansion cone; 

4 means for plastically deforming and radially expanding a first portion of the 

5 tubular member to a first outside diameter using the first and second 

6 expansion cones; 

7 means for plastically deforming and radially expanding a second portion of the 

8 tubular member to a second outside diameter using the second 

9 expansion cone; and 

10 means for decoupling the first and second expansion cones prior to plastically 

1 1 defonning and radially expanding the second portion of the tubular 

12 member to the second outside diameter; 

13 wherein the first outside diameter is greats than the second outside diameter. 

1 153. (New) A method of plastically deforming and radially expandmg a tubular 

2 member, comprising: 
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3 plastically deforming and radially expanding a portion of the tubular member 

4 to a first outside diameter using a first expansion cone coupled to a 

5 second expansion cone; 

6 decoupling the first and second expansion cones; and 

7 plastically deforming and radially expanding another portion of the tubular 

8 member to a second outside diameter using the second expansion cone; 

9 wherein the first outside diameter is greater than the second outside diameter. 

1 154. (New) A method of coupling a first tubular member to a second tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a first portion of the first tubular 

4 member to a first outside diameter using a first expansion cone.coupled 

5 to a second expansion cone; 

6 decoupling the first and second expansion cones; 

7 plastically deforming and radiaUy expanding another portion of the first 

8 tubular member to a second outside diameter using the second 

9 expansion cone; 

10 positioning the second tubular memb^ inside the first tubular member in 

1 1 overlying relation to the first portion of the first tubular member; 

12 plastically deforming and radially expanding the second tubular memb^ to a 

13 third outside diameter, and 

14 plastically deforming and radially expanding the second tubular member to a 

15 fourth outside diameter, 

16 wherein the first outside diameter is greater than the second outside diameter; 

17 and 

18 wherein the inside diameters of the first and second tubular members after the 

19 plastic deformations and radial expansions are substantially equal. 

1 155. (New) An apparatus for coupling a first tubular member to a second tubular 

2 member, comprising: 
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3 means for plastically defonning and radially expanding a first portion of the 

4 first tubular member to a first outside diameter using a first expansion 

5 cone coupled to a second expansion cone; 

6 means for decoupling the first expansion cone from the second expansion 

7 cone; 

8 means for plastically deforming and radially expanding another portion of the 

9 first tubular member to a second outside diameter using the second 

10 expansion cone; 

1 1 means for positioning the second tubular member inside the first tubular 

12 member in ov^I^ping relation to the first portion of the first tubular 

13 member; 

14 means for plastically defomiing and radially expanding the second tubular 

15 member to a third outside diamet^, and 

1 6 means for plastically deforming and radially expanding the second tubular 

17 member to a fourth outside diameter; 

1 8 wherein the first outside diameter is greater than the second outside diameter; 

19 and 

20 wherein the inside diamet^ of the first and second tubular members after the 

21 plastic deformations and radial expansions are substantially equal. 

1 156. (New) An apparatus for fomiing a wellbore casing withm a wellboie, 

2 comprising: 

3 means for supporting a tubular member within the wellbore; 

4 means for plastically deforaiing and radially expanding a first portion of the 

5 tubular member to a first outside diameter using a first expansion cone 

6 coupled to a second expansion cone; 

7 means for decoupling the first and second expansion cones; and 

8 means for plastically defonning and radially expanding a second portion of the 

9 tubular member to a second outside diameter using the second 

1 0 expansion cone; 

1 1 wherein the first outside diameter is greater than the second outside diameter. 
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1 157. (New) A method of fonning a wellboie casing within a wellboie, comprising: 

2 supporting a tubular member within a wellbore; 

3 plastically deforming and radially expanding a portion of the tubular member 

4 to a first outside diameter using a first expansion cone coupled to a 

5 second expansion cone; 

6 decoupling the first and second expansion cones; and 

7 plastically deforming and radially expandmg another portion of the tubular 

8 member to a second outside diameter using the second expansion cone; 

9 wherein the first outside diameter is greater than the second outside diameter. 

1 158. (New) A method of forming a mono-diameter weDbore casing within a wellbore, 

2 comprising: 

3 supporting a first tubular member within the wellboie; 

4 plastically deforming and radiaUy expanding a first portion of the first tubular 

5 member to a first outside diameter using a first e^ansion cone coupled 

6 to a second expansion cone; 

7 decoupling the first and second expansion cones; 

8 plastically deforming and radially expanding another portion of the first 

9 tubular member to a second outside diameter using the second 

10 expansion cone; 

1 1 positioning the second tubular member inside the first tubular member in 

12 overlapping relation to the first portion of the first tubular member; 

13 plastically deforming and radially expanding the second tubular member to a 

14 third outside diameter, and 

15 plastically deforming and radially expanding the second tubular member to a 

16 fourth outside diameter; 

17 wherein the first outside diameter is greater than the second outside diameter; 

18 and 

19 wherein the inside diameters of the first and second tubular members after the 

20 plastic deformations and radial expansions are substantially equal. 
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1 159. (New) An apparatus for coupling a first tubular member to a second tubular 

2 member, comprising: 

3 means for plasticaUy deforming and radially expanding a first portion of (he 

4 first tabular member to a first outside diameter using a first expansion 

5 cone coupled to a second expansion cone; 

6 means for decoupling the first and second expansion cones; 

7 means for plastically deforming and radially expanding another portion of the 

8 first tubular member to a second outside diameter using the second 

9 expansion cone; 

10 means for positioning the second tubular member inside the first tubular 

1 1 member in overlapping relation to the first portion of the first tubular 

12 member; 

13 means for plastically defonning and radially expanding the second tubular 

14 member to a third outside diameter; and 

15 means for plastically deformmg and radially expanding the second tubular 

16 member to a fourth outside diameter; 

17 wherein the first outside diameter is greater than the second outside diameter; 

18 and 

19 wherein the inside diameters of the first and second tubular members after the 

20 plastic deformations and radial expansions are substantially equal. 
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